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Virology

Although researchers have gained de-
tailed mechanistic insight into host and 
viral processes involved in the viral rep-
lication cycle, there are some aspects 
of the replication cycle that remain 
poorly understood. The symposium, 
“Navigating to the Nucleus” (Sympo-
sium 01), reviewed what is known as 
well as important new insights into sev-
eral key steps in the first half of the HIV 
viral life cycle. The process by which  
the viral nucleic acid is able to access 
the host cell nucleus prior to integra-
tion is one of the more elusive in the 
viral replication cycle. Upon virus at-
tachment to receptor and coreceptor 
molecules, the viral membrane fuses 
with the host cell membrane to release 
the viral capsid core into the host cell 
cytoplasm. The viral capsid core disas-
sociates to liberate the viral genomic 
RNA that, through the process of reverse  

Dr Stevenson is Professor of Medicine at the 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, Florida, 33136, or email mstevenson@med.miami.edu.

The Conference on Retroviruses and Opportunistic Infections (CROI) serves 
as one of the most highly visible platforms upon which researchers gather 
to share the most recent findings on HIV/AIDS and, recently, on SARS-CoV-2 
research. Research presentations on the novel coronavirus SARS-CoV-2 have 
become an increasing fixture at the conference since it was first covered 
at last year’s conference. Although CROI 2021 was virtual, the organizers 
coordinated a seamless platform for presentations and poster sessions that  
effectively engaged the audience. CROI 2021 had a strong showing in terms 
of basic science presentations on HIV-1 and on SARS-CoV-2. Highlights in- 
cluded new insights into some of the more elusive steps in the viral replica-
tion cycle as well as new findings on immune escape strategies employed by 
SARS-CoV-2. The new investigator workshop has become a valuable resource 
that can be used by early stage and established investigators alike to receive 
state-of-the-art updates on research areas that might be outside their imme-
diate areas of research. The new investigator workshop featured engaging 
presentations on novel aspects of HIV-1 and SARS-CoV-2 replication, impact 
of host immunity on HIV-1 and SARS-CoV-2, and approaches to assessing viral 
reservoir dynamics and strategies for viral reservoir elimination.

Keywords: CROI, 2021, HIV-1, SARS-CoV-2, reservoirs, cure

Invited Review

CROI 2021: Summary of Basic Science Research in HIV and 
SARS-CoV-2
Mario Stevenson, PhD

transcription, is converted to a cDNA. 
The steps between entry of the viral 
core into the host cell cytoplasm and 
core disassociation are collectively re- 
ferred to as uncoating. 

Until recently, models of retrovirus 
replication described the uncoating 
process to involve capsid dissociation 
as occurring immediately after fusion 
of viral and host cell membranes. The 
process of reverse transcription took 
place within a protein complex that 
comprised viral nucleic acid and the 
viral enzymes, reverse transcriptase, 
and integrase. Reverse transcription 
was completed in the cytoplasm and 
nascent cDNA then translocated to the 
nucleus so that it could integrate within 
host cell DNA. Complexes of viral nu-
cleic acid and enzymes, often referred 
to as the reverse transcription complex, 
have a molecular mass approaching 
that of the ribosome and a diameter of 
61 nm. Therefore, the challenge faced 

by retroviruses and lentiviruses is how 
to get a ribosome-sized reverse tran-
scription complex across the nuclear 
membrane so that they can integrate 
their genomes into host cell DNA. 

Transport across nuclear membranes 
is regulated through nuclear pores that 
have an inner diameter of 61 nm. From 
here on, it appears that lentiviruses 
and retroviruses have developed differ-
ent strategies to get their nucleic acids 
to the nuclear compartment of the host 
cell. Retroviruses access the nucleus 
and integrate their DNA in cells that 
are actively undergoing mitosis. Since 
the nuclear membrane disaggregates 
at mitosis, the reverse transcription 
complex has unhindered access to host  
cell DNA. In contrast, lentiviruses have 
the capacity to access the nuclear com- 
partment of nonmitotic cells, so they 
possess a unique mechanism for get- 
ting their reverse transcription com-
plex across the nuclear membrane. In 
this case, capsid molecules remain part 
of the reverse transcription and are 
thought to aid in the process of nuclear 
uptake. This capacity underscores the 
ability of lentiviruses to transduce non-
dividing cells such as macrophages and 
this has been exploited in the design 
of lentivirus vectors for transduction 
of nondividing cells including muscle 
cells and microglia. 

These studies were corroborated in  
the presentation in the same sympos- 
ium by Muller of the University Hospi-
tal Heidelberg. Muller noted published 
studies1 that indicate the diameter of  
the nuclear pore to be larger than pre- 
viously suspected and to be of a size 
that would permit translocation of an  
intact HIV-1 core (Abstract 19). Collect- 
ively, studies reviewed in the sympo-
sium indicate that current models of  

MStevenson@med.miami.edu
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lentiviral replication should be revised 
to reflect a nuclear location for lenti- 
viral uncoating and completion of re-
verse transcription.

Studies discussed in this symposium 
also provided fresh insight into the in-
tricacies of nuclear translocation by 
lentiviruses. Pathak used labeled com-
ponents of the reverse transcription 
complex as well as labeled antibody to 
the nuclear pore protein, POM 121, to 
allow live cell imaging of the dynamics 
of nuclear translocation of HIV-1 reverse 
transcription complexes (Abstract 20). 
The first surprise was that, in contrast 
to cellular cargo that translocated the 
nuclear membrane in seconds, reverse 
transcription complexes docked at the 
nuclear envelope for 1.5 to 2 hours, 
suggesting that the nuclear envelope  
represents a bottleneck in the process 
of lentivirus infection. 

Through the use of labeled capsid 
molecules, investigators in the Pathak 
laboratory were able to image the events 
around nuclear uptake and capsid dis-
sociation. They observed that docking 
of reverse transcription complexes at 
the nuclear pore extended over several 
hours but viral uncoating (capsid dis-
sociation), occurred rapidly (within 20 
minutes). From here on, another 1.5 
hours was required for integration of 
uncoated complexes. Remarkably, the 
investigators determined that nuclear 
complexes were largely intact with re-
gard to capsid protein composition and 
similar to that for intact cores. This sug-
gests that contrary to current models, 
uncoating did not occur until after the 
viral core entered the nucleus. Time-
of-addition assays with the integrase 
strand transfer inhibitor raltegravir fur- 
ther demonstrated that reverse trans- 
cription was completed before un-
coating and that integration occurred 
shortly after uncoating of viral cores in 
the nucleus.

These studies were corroborated in 
a presentation in the same session by 
Muller of the University Hospital Hei-
delberg and were summarized in the 
plenary session by Krausslich (Abstract 
14). Muller also discussed published 
studies1 that indicate the diameter of 
the nuclear pore to be larger than previ-
ously suspected and to be of a size that 

would permit translocation of an intact 
HIV-1 core. Collectively, studies pre-
sented in the symposium indicate that 
current models of lentiviral replication 
should be revised to reflect a nuclear 
location for lentiviral uncoating and 
completion of reverse transcription. It 
remains to be determined as to what 
advantage HIV-1 has in adopting such a 
strategy to maintain core integrity until 
the point of integration. 

The revised model of preintegra- 
tion events in lentiviral replication and 
the role of the capsid protein in these 
events further validate capsid as an  
attractive target for antiviral drug de-
velopment. In the same session, Cihlar 
of Gilead Sciences described an inves-
tigational novel small molecule that 
specifically targets the capsid protein 
(Abstract 22). Capsid function relies on  
protein-protein interactions that, from 
a small molecule inhibitor development  
standpoint, represent a far more chal-
lenging target than enzymatic proteins 
of the virus. Small molecules that target 
the capsid monomer as well as com-
pounds targeting capsid hexamers have  
been described. Those targeting the 
hexamer, such as PF-3450074 (PF-74), 
accelerate the assembly of capsids dur- 
ing formation of nascent virion par-
ticles. Cihlar and colleagues used an 
in vitro biochemical capsid assembly 
assay to assess 3000 analogues of a 
second-generation lead that emerged 
from an inhibitor screen. 

Lenacapavir was selected on the ba- 
sis of potency, pharmacokinetic (PK),  
and off-target profiles. Lenacapavir 
exhibits low picomolar antiviral ac-
tivity, essentially making it the most 
potent small molecule inhibitor for 
any HIV target. Lenacapavir is active 
in primary CD4+ T cells and macro- 
phages with a narrow range of poten- 
cies against all HIV-1 subtypes. Struct- 
ural analysis identified the lenacapa-
vir binding site in capsid hexamers.  
The lenacapavir binding site is con-
served across all HIV-1 subtypes, which  
indicates that there is no preexist- 
ing resistance to lenacapavir. In addi-
tion, lenacapavir retained full antiviral 
activity against viruses harboring re-
sistance mutations to other classes of 
antivirals. 

Stepwise passage of HIV-1 in in-
creasing concentrations of lenacapavir 
promoted the development of N74D 
and Q67H mutations in capsid. The 
investigators also assessed emergence 
of lenacapavir resistance in clinical 
isolates maintained in the presence of 
drug in peripheral blood mononuclear 
cells (PBMCs) to identify additional mu-
tations (such as L56I and M66I) that  
might impact lenacapavir sensitivity. Al- 
though some mutations (such as Q67H/ 
N74D, M66I) reduced lenacapavir sen- 
sitivity by several hundred fold, viral fit- 
ness was significantly impacted. Con-
sistent with a role for capsid in early 
steps of viral replication, lenacapavir  
was found to be more effective in in- 
hibiting early events in viral replication. 

Time-of-addition experiments were 
used to identify the time point at which 
lenacapavir impacts early events in 
HIV-1 replication. In the presence of le-
nacapavir, the abundance of integrated 
proviruses and 2-long terminal repeat 
(2-LTR) circles, which are specifically 
formed in the host cell nucleus, was 
greatly reduced. In the presence of the  
lenacapavir analogue GS-CA1, nuclear  
import of capsid molecules and of vi- 
ral DNA, was inhibited. The host cell 
proteins cleavage and polyadenyla- 
tion specificity factor 6 (CPSF6) and 
nuclear pore complex 153 (NUP153), 
have been shown to participate in the 
nuclear translocation of HIV-1 reverse 
transcription complexes.2 The lena-
capavir binding site on HIV-1 capsid 
overlaps the CPSF6 and NUP153 bind- 
ing sites, and lenacapavir also was in- 
dependently shown to inhibit the bind-
ing of these host nuclear import factors 
to capsid tubes assembled in vitro. 

Lenacapavir has also been shown 
to stabilize HIV-1 cores, and as such, 
can impact uncoating and nuclear im-
port that might themselves require 
structural changes or partial disassem-
bly of the viral core, as suggested by 
Pathak’s studies outlined above. Lena-
capavir impacted late stages in virus 
replication by accelerating the rate of 
capsid polymerization in a way that 
leads to formation of poorly organized 
and misfolded capsid aggregates that 
leads to the production of aberrant 
and noninfectious virions. Importantly, 
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lenacapavir exhibits PK properties that 
could enable once-weekly oral dosing 
as well as once every 6 months subcu- 
taneous injections. Lenacapavir repre- 
sents a remarkably potent and novel 
capsid inhibitor that targets early and 
late stages in the HIV-1 replication cy- 
cle. As such, it should extend the arma-
mentarium of agents for the treatment 
and prevention of HIV-1 infection and, 
in particular, increase treatment op- 
tions for individuals infected with mul- 
tidrug-resistant HIV-1 variants. 

Viral Reservoirs and Mechanisms 
of Viral Persistence

HIV-1 establishes lifelong persistence 
in the host even in the face of over-
whelming antiretroviral therapy (ART). 
Stigma, adherence issues, and imple-
mentation challenges, particularly in 
low- and middle-income countries, 
have prompted the pursuit of a cure 
for HIV-1 infection. Given the progress 
in ART options, particularly with ad-
vances in long-acting formulations, it 
has been argued that a cure HIV-1 is no 
longer needed. Nevertheless, pursuit of 
a cure for HIV-1 infection remains an 
aspirational goal for many HIV/AIDS 
researchers. Two paths are being pur-
sued. The greatest amount of effort has 
focused on identification of strategies 
that achieve HIV-1 remission. Under re- 
mission, the virus has not been com-
pletely eliminated yet is maintained at 
undetectable levels and is unable to be 
transmitted. The more challenging path 
involves identification of strategies for 
a sterilizing cure where all vestiges of 
the virus have been eliminated. 

Yu made the case that some elite 
controllers (ECs) are representative of 
what might be considered a sterilizing 
cure (Abstract 57). Elite controllers are 
rare individuals in whom HIV-1 remains 
undetectable in the absence of ART. 
Some ECs owe their status to being in-
fected with defective (eg, nef-deleted) 
viruses and others have mutations in  
genes that are important cofactors for 
viral replication (eg, CC chemokine re-
ceptor 5 [CCR5]). Recent studies from 
Yu and colleagues have indicated that 
in some ECs, the viral reservoirs have 
become inert. Proviruses in ECs were 

profiled by individual proviral sequenc-
ing, and the integration sites in host 
DNA were mapped. In the majority of 
ECs, proviruses were found to be intact 
and replication competent but were  
concentrated in nongenic or hetero-
chromatin regions of host cell DNA. 
This was surprising because a number 
of studies have demonstrated HIV-1 
integrates preferentially within gene-
rich regions of human chromosomes. 
These regions have a relaxed chroma-
tin architecture that allows free access 
of transcription factors that regulate 
gene expression. Using single-cell as-
says in which integration sites and HIV 
transcriptional activity could be ana-
lyzed simultaneously, the investigators 
concluded that proviruses in nongenic 
regions had very limited transcrip-
tional activity, akin to “deep latency.” 
Those proviruses also bore epigenetic 
modifications that limited their tran-
scriptional capacity. In a subset of ECs, 
intact proviruses were not detected. 
Collectively, these results paint a pic-
ture of what a sterilizing cure might 
look like. 

Processes that led to the establish-
ment of the EC state remain to be 
defined. It is possible that following 
initial infection, reservoirs in ECs were 
limited in size and that cells harboring 
active proviruses (ie, in gene-rich re-
gions) were selected against and that 
over time, inactive proviruses in gene-
sparse regions predominated. These 
studies also raise the possibility that, in 
the absence of transcriptional activity, 
proviruses are epigenetically and, per-
haps, irreversibly silenced. 

Host Antiviral Immune Responses 
and Viral Reservoir Control

The extent to which host antiviral im-
mune responses control viral reservoir 
dynamics is unclear. Jones presented 
studies that suggest reservoir cells have  
intrinsic resistance to host antiviral im-
mune clearance mechanisms (Abstract 
41). CD8+ T cells are well recognized 
as exerting potent antiviral pressure on 
HIV-1. For example, when antibodies are 
used to deplete CD8+ T cells in simian 
immunodeficiency virus (SIV) infected 
macaques, there is a corresponding 

increase in plasma viremia. In addition,  
CD8+ T cell recognition epitopes are 
the most highly variable in the viral 
proteome, which demonstrates that 
HIV-1 is under considerable CD8+ T-cell 
pressure and continually mutates to es-
cape it. Studies from research groups of 
Picker, Skinner, and Connick have also 
suggested the presence of viral sanc-
tuaries in the lymph nodes (see also 
Abstract 43 by Okoye). CD8+ T cells are 
excluded from the B-cell follicles in the 
lymph nodes, and it has been proposed 
that those sites provide viral sanctuar-
ies from host immune surveillance.3 
These studies have driven the rationale 
for cure strategies that harness the an-
tiviral activity of CD8+ T cells. 

In “shock and kill” approaches to re- 
servoir elimination, CD8+ T cells are ex- 
pected to provide the bulk of the kill ef-
fect following viral reactivation (shock). 
Jones presented evidence that reser- 
voir cells from individuals on effective 
ART are resistant to clearance by CD8+ 
T cells. Published studies from the Jones 
group have demonstrated that, even 
after stimulation with strong latency- 
reversing agents such as ionomycin 
and phorbol 12-myristate 13-acetate 
(PMA), latently infected CD4+ T cells  
from infected individuals on ART were 
resistant to CD8+ T-cell killing ex vivo.4 
Jones also highlighted prior studies 
that demonstrated the resistance of in-
fected macrophages to killing by CD8+  
T cells5,6 where resistance was under 
scored by increased expression of in-
hibitors of granzyme B, a key enzyme 
that promotes target cell killing by 
CD8+ T cells, in infected macrophages. 

Gene profiling of reservoir CD4+ 
T cells that survived CD8+ T-cell killing 
ex vivo likewise revealed the increased 
expression of cellular factors that, in 
the cancer research field, have been 
shown to play a role in cytotoxic T 
lymphocyte (CTL) resistance (eg, cel-
lular Fas-associated death domain-like 
IL-1β-converting enzyme [FLICE] in-
hibitory protein [c-FLIP]) and that have 
the potential to influence susceptibility 
to CD8+ T-cell killing (eg, enhancer of 
zeste homologue 2 [EZH2]). A number 
of other host cell factors that were up-
regulated in reservoir cells need further 
investigation for whether they play a  
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role in the resistance of reservoir cells 
to CD8+ T-cell clearance. These stud-
ies may point to the identification of 
approaches that improve the clearance 
of infected reservoir cells through “kick 
and kill”-based strategies.

Extending on the theme of the role 
of host antiviral mechanisms on viral 
reservoir dynamics, Hahn examined 
the sensitivity of rebound HIV-1 to 
type-1 interferon (Abstract 44). Type-1 
interferons are potent effectors of the 
innate host antiviral response, and 
some cure strategies have attempted  
to exploit the antiviral activity of type-1 
interferons, but with limited success. 
To define the impact of endogenous in-
terferons on reservoir dynamics, Hahn  
examined the interferon sensitivity of  
plasma viruses before and after initia-
tion of ART and of viruses rebounding 
after an analytic treatment interruption 
(ATI). Longitudinal analysis of inter-
feron sensitivity indicated that acute 
infection isolates were uniformly inter- 
feron resistant and that this resistance 
declined by 2 to 4 orders of magnitude 
over the first year of infection. The re- 
sistance was partially reacquired dur-
ing disease progression. Interestingly, 
interferon resistance did not increase 
in slow progressors but remained el-
evated in individuals with accelerated 
disease progression. In individuals ini- 
tiating ART, the level of interferon re- 
sistance was maintained at similar lev- 
els to ex vivo outgrowth viruses (us- 
ing quantitative viral outgrowth assay 
[QVOA], assessed 1 to 2 years after ART  
initiation). 

Hahn then assessed the interfer- 
on sensitivity of rebound viruses post- 
ATI as well as that of viruses obtained 
in ex vivo outgrowth assays using pre- 
ATI and post-ATI CD4+ T cells. Surpris- 
ingly, all rebound viruses were inter- 
feron resistant, and QVOA viruses pre-  
and post-ATI were interferon sensi-
tive. ATI also appeared to reseed the 
reservoirs with interferon-resistant vi-
ruses although interferon resistance 
declined during prolonged ATI. Two 
closely related QVOA viruses exhib-
ited only 5 nucleotide differences (in 
the LTR, pol, env, and nef ) yet exhibited 
markedly different levels of interferon 
sensitivity. This indicated that very few 

sequence changes are sufficient to 
dramatically impact interferon sensi-
tivity. Hahn then explored 2 options 
that might underscore the origins of  
interferon-resistant rebound viruses. 
For example, these viruses could 
emerge from a preexisting reservoir of 
interferon-resistant viruses or have rap- 
idly evolved from interferon-sensitive 
variants at sites of viral reservoir reac- 
tivation. Recent studies have suggest- 
ed that macrophages may serve as a 
source of rebounding viruses.7 Surpris-
ingly, a number of rebound viruses and 
a few QVOA assays were able to rep-
licate efficiently in macrophages, but 
some rebound viruses were not able to 
replicate in macrophages. This suggests 
that CD4+ T cells can archive macro-
phage-tropic viruses and that CD4+ 
T cells are the main cell type for virus 
amplification post ATI. It remains to be 
determined whether macrophages can 
serve as the origin of interferon-resis-
tant rebound viruses.8

As discussed earlier, CD8+ T cells 
are largely excluded from lymph node 
germinal centers, and this may afford 
the virus an opportunity to establish  
viral reservoirs at these locations. Okoye  
(Abstract 43) outlined approaches aim- 
ed at removing the B-cell follicle bar-
rier. Within germinal centers of B-cell 
follicles, follicular helper T cells (TFHs) 
interact with antigen-specific B cells to 
promote their differentiation into long-
lived memory B cells and plasma cells. 
Access to the germinal centers is tightly 
controlled by chemokine interactions 
that permit entry of CXC chemokine 
receptor 5 (CXCR5)+ CD4+ TFHs but 
not CXCR5− T cells or antiviral CD8+ 
T cells. Studies with HIV and SIV have 
demonstrated that TFHs are highly 
susceptible to infection and in SIV-
infected animals that attain virologic 
control, SIV replication is restricted to 
the CD4+ T-cell compartment in B-cell 
follicles.9,10 In addition, virions can be 
deposited on follicular dendritic cells 
within the follicles. 

Several approaches are being ex- 
plored to reduce reservoir dynamics  
within the follicles. For example, anti- 
CD21 reduces the deposition of viri-
ons on follicular dendritic cells during 
acute SIV infection. Others have been  

exploring use of chimeric antigen re-
ceptor (CAR)-T cells or CD8+ T cells 
that have been modified (eg, to express 
CXCR5 from a lentivirus vector) to tar-
get B-cell follicles. Okoye presented 
studies that exploit an anti-CD20 an-
tibody to deplete follicular structures. 
CD20 antibody administrations were 
able to substantially deplete B-cell fol-
licles, and this was reflected by better 
control of SIV infection in EC monkeys. 
Okoye then explored whether more 
profound depletion would result in 
more effective viral control. The inves-
tigators used anti-CD20 CAR-T cells to 
achieve almost complete B-cell deple-
tion in most anatomic compartments. 
Increased B-cell depletion also resulted 
in better virologic control. B-cell deple-
tion at the time of ART release resulted 
in a modest and transient level of post-
ART control. Anti-CD20 in conjunction 
with interleukin (IL)-15 was found to 
promote a more complete loss of B-
cell follicles than CD20 alone. However, 
despite profound depletion of B-cell 
follicles, there was no delay or early 
control of rebound SIV. Therefore, al-
though B-cell follicle disruption is able 
to promote CD8+ T-cell–mediated con-
trol of ongoing viral replication, it has 
limited impact on post-ART rebound. 

The presentation by Caskey (Ab-
stract 36) focused on the use of broadly 
neutralizing antibodies (bNAbs) in pre-
vention, management, and elimination 
of HIV-1 infection. bNAbs differ from 
conventional HIV-specific antibodies in 
that they display remarkable breadth 
and potency of neutralization against 
HIV-1. Some modifications can ex-
tend the plasma half-life of bNAbs and 
increase their utility for HIV manage-
ment, but long-term expression for 
HIV management and for reservoir 
reduction will likely depend on vector 
delivery strategies. Abstracts 160 and 
270 presented results with adeno-as-
sociated virus (AAV)-mediated delivery 
of bNAbs. Recombinant AAV offers a 
highly feasible solution for sustained 
antibody delivery approaches that over- 
come the challenges associated with 
regular antibody administration. AAV 
is a small DNA virus that has been en-
gineered to lack everything from the 
AAV genome except for the 2 inverted 
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terminal repeats required for genome 
circularization and concatemerization 
in the nucleus of the transduced cell. 
This allows transgenes up to 5 kilo-
base (kb) to be accommodated in the 
AAV vector. 

AAV applications for gene therapy 
have markedly increased in the past 
10 years with the European Medicines 
Agency approval of alipogene tiparv-
ovec for lipoprotein lipase deficiency 
and US Food and Drug Administra- 
tion (FDA) approval for voretigene ne- 
parvovec-rzyl to treat inherited retinal  
disease and onasemnogene abepar-
vovec-xioi for the treatment of spinal 
muscular atrophy. These studies under 
score the remarkable safety profile of  
AAV and its capacity for long-term trans- 
gene expression, as illustrated with fac- 
tor IX where therapeutic amounts were 
still being produced 10 years after in-
tramuscular injection.11 

Martins (Abstract 270) presented re-
sults with AAV-mediated delivery of the 
bNAb 3BNC117 and of the antibody- 
like molecule eCD4-Ig in the preven-
tion of oral acquisition of simian HIV 
(SHIV). Following a single intramuscu-
lar injection, plasma eCD4-Ig levels in 
the 12 to 70 µg/mL range and 3BNC117 
levels in the 48 to 79 µg/mL range, 
were sustained. In some animals, anti-
drug antibodies limited the expression 
of 3BNC117. Animals that sustained an-
tibody expression were protected from 
oral SHIV acquisition. 

Results with AAV for bNAb delivery 
in humans were presented in Abstract 
160. VRC07 was expressed from AAV8 
in 8 HIV-infected volunteers on ART. 
Durable but low expression of anti-
body (0.17-1.2 µg/mL) was observed in 
most individuals. Antidrug antibodies 
limited the long-term expression of an-
tibodies in some individuals. Although 
these studies highlight the potential 
utility of AAV for long-term bNAb de-
livery, approaches to reduce antidrug 
antibody responses will be needed to 
ensure consistent antibody delivery. 

SARS-CoV-2

Advances in the approaches for devel-
oping potent neutralizing antibodies 
against HIV-1 (B-cell cloning and pro- 

filing) have been adopted to accelerate 
the development of antibodies for the 
management of SARS-CoV-2 infection.  
Bjorkman summarized efforts aimed at  
developing antibodies with potent spike  
protein recognition and neutralization 
(Abstract 3). Closely related corona- 
viruses that can use the angiotensin-
converting enzyme 2 (ACE2) receptor 
for infection have been found circulat-
ing in bats. This raises the possibility 
of future coronavirus transmissions to 
humans. Through the use of nanopar-
ticles containing mosaic spike proteins, 
broadly cross-reactive antibodies are 
being induced. Such antibodies could 
form the basis for a pan-coronavirus 
vaccine that could be employed against 
future coronavirus introductions into 
humans. 

Kirchoff (in the Program Committee 
Workshops for New Investigators and 
Trainees; Abstract 01) overviewed ad-
vances in the molecular virology of HIV 
and SARS-CoV-2. He pointed out that 
Pubmed contains 190,000 publications 
on HIV-1 over more than 30 years and 
66,000 on SARS-CoV-2 (with 64,000 in 
the last 12 months), which illustrates an  
explosive growth in knowledge sur- 
rounding these pathogens. The inter- 
active session on SARS-CoV-2 evolu- 
tion in populations and individuals con- 
tained presentations ranging from struc- 
tures of spike protein variants to se- 
lections of neutralization-resistant SARS- 
CoV-2 variants (Interactive Session 01). 

Rolland highlighted the rapid adap-
tation of SARS-CoV-2 to humans that is  
driven by mutations in the spike protein, 
which increase viral infectivity. SARS-
CoV-2 is transmitted before it has the 
chance to mutate. Therefore, virus evo-
lution follows different pressures in the 
naive versus the nonnaive population. 
In the naive population, viruses evolve 
under different selective pressures, but 
in previously infected or vaccinated in-
dividuals, evolution is driven by escape 
from antibody recognition. Luban dis-
cussed how mutations that lead to a 
more open conformation of the spike 
protein also lead to more infectious 
viruses that rapidly outcompete other 
variants in the population. He discuss- 
ed results with the D614G variant that, 
in the context of the B.1.1.7 backbone,  

increases viral infectivity by 30 fold. 
That mutation appears to allow acqui-
sition of other mutations that would 
otherwise compromise viral infectivity. 

Bieniasz gave an overview of studies 
aimed at understanding factors that 
govern the emergence of antibody re-
sistance in SARS-CoV-2. These factors 
can include viral determinants such as 
viral replication fidelity or population 
size versus transmission factors, the 
interval during which viral replication 
and antibody responses may overlap. 
Although the virus is well conserved 
at the sequence level, as summarized 
in Caskey’s talk mentioned above, the  
breadth of SARS-CoV-2 neutralizing an- 
tibody responses are also well con- 
served. Therefore, the virus is encoun-
tering the same antibody selection 
pressures in different individuals. Bi-
eniasz used a pseudotyped virus to 
analyze the neutralization sensitivity 
of viruses harboring mutations that 
are frequently detected in SARS-CoV-2 
variants of concern (K417E, E148K, 
N501Y). In a panel of 17 antibodies 
cloned from vaccines, which are also 
typical of the forms found in conva-
lescents, 14 had reduced sensitivity to 
SARS-CoV-2 envelopes harboring those 
mutations. In some individuals, virus 
appears to persist for extended peri-
ods and this creates an environment 
in which somatic hypermutation can 
drive B-cell maturation and production 
of antibodies that are effective against 
resistant variants. Antibodies cloned 
from individuals early versus late in 
infection were found to be more act- 
ive against antibody resistant viruses. 
Bieniasz also looked at the epitopes in 
the spike protein that account for the 
neutralizing activity of convalescent 
plasma and identified domains in-
cluding the N-terminal domain (NTD), 
receptor-binding domain (RBD), fusion 
peptide (FP) heptad repeat (HR)1, and 
HR2 domains. These studies highlight 
the interplay between the virus and the 
host antibody response that is shaping 
the virus to escape antibody responses 
of the host. 

As highlighted by Bieniasz, SARS-
CoV-2 can persist for longer intervals 
in some individuals, and this can pro-
vide an opportunity for evolution of 
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antibodies that have higher neutral-
ization activity against SARS-CoV-2 
as well as for viral escape. Tokuyama 
(Abstract 115) presented evidence that 
SARS-CoV-2 can persist in intestinal 
enterocytes for up to 7 months after re- 
solution of symptoms. Although SARS- 
CoV-2 RNA has been detected in fe- 
cal samples from individuals long af- 
ter symptom resolution, it is unclear 
whether this RNA is the result of an 
active infection or simply residual tran-
scripts from cells harboring defective 
viruses. ACE2 is expressed in the gut 
and particularly in the small bowel. Bi-
opsies from the duodenum and ileum 
were assessed for the presence of viral 
nucleocapsid antigen by in situ immu-
nofluorescence and for the presence 
of the virus by electron microscopy. 
Viral antigen was detected in 16 of 29 
participants. Samples positive for viral 
antigen also contained SARS-CoV-2 vi- 
rions when assessed by electron micro- 
scopy. The majority of those with evi-
dence of SARS-CoV-2 in small bowel 
samples exhibited mild signs of intesti-
nal inflammation and detection of viral 
products did not correlate with gastro-
intestinal symptoms. Additional studies 

are needed to determine whether viral 
persistence contributes to protracted 
COVID-19 disease symptoms.  
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Clinical Trials of Initial Anti- 
retroviral Therapy and Investi- 
gational Antiretroviral Agents

Monoclonal Antibodies for Treatment 
of COVID-19 and HIV-1

Caskey presented a plenary lecture (Ab-
stract 36) on the technology of broadly 
neutralizing antibodies (bNAbs) in both 
HIV-1 and SARS-CoV-2. She outlined 
how experience with bNAbs in HIV, 
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The 2021 Conference on Retroviruses and Opportunistic Infections includ- 
ed advances in therapy for HIV as well as for SARS-CoV-2. Data presented on 
COVID-19 therapies included trials showcasing the use of monoclonal anti-
bodies for prevention and treatment of COVID-19. Promising new data were 
presented on lenacapavir, an investigational HIV capsid inhibitor given as a 
subcutaneous injection every 6 months. Although encouraging data from  
settings across the globe reported achievement of 90-90-90 HIV care cascade 
targets, disparities exist in care engagement and viral suppression, particularly 
for people of color and young people with HIV. Several interventions were 
associated with improved care cascade outcomes. The COVID-19 pandemic 
has impacted HIV care engagement, but mitigation strategies can allow pro-
grams to continue to serve people with HIV during the pandemic. Studies 
examining the resistance patterns of existing antiretroviral therapy (ART) 
agents were presented, as were resistance mechanisms of novel agents such 
as lenacapavir and resistance patterns among individuals who seroconverted 
while on preexposure prophylaxis. Data from large observational cohorts 
were presented on patterns of ART uptake and trends in mortality and in 
virologic failure. Pertinent findings relating to pediatric and maternal health 
issues included data on dolutegravir-based ART in children and adolescents 
with HIV; safety and tolerability of dolutegravir-based ART in children and 
pregnant women; similarly high maternal viral suppression at 50 weeks post-
partum in women receiving certain ART regimens; weight gain in pregnant 
women receiving dolutegravir plus tenofovir alafenamide/emtricitabine; and 
viral suppression with dolutegravir-based ART when started during the third 
trimester of pregnancy.

Keywords: CROI, HIV, lenacapavir, antiretroviral therapy, SARS-CoV-2, 
COVID-19
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including the technology, characteriza-
tion, and engineering, influenced the 
rapid development of immunotherapy 
in SARS-CoV-2. Conversely, our ac-
cumulating knowledge of the safety, 
efficacy, and broad implementation 
of SARS-CoV-2 bNAbs can shape the 
future direction of this field in HIV.  
Treatment principles learned from 
HIV have been borne out in the clini-
cal experience with SARS-CoV-2; for 
example, the evolution of SARS-CoV-2 

variants at specific binding sites sug- 
gests this is directly in response to im- 
mune pressure. Just as we use combi-
nation therapy in HIV to avoid selection 
of resistance, combination monoclonal 
antibody (mAb) therapy in SARS-CoV-2 
is also recommended to retain efficacy 
against emerging strains. 

Notable differences between HIV 
and SARS-CoV-2 include the diversity 
and latency of HIV-1 and the inability to 
cure HIV-1 with natural infection, which 
render some of the lessons learned 
from SARS-CoV-2 inapplicable to future 
HIV strategies. Caskey reviewed on-
going trials and work with bNAbs in 
HIV-1 treatment, prevention, and treat-
ment-free remission. 

Data regarding mAbs used in preven-
tion and treatment of COVID-19 were 
presented during session O-6. Cohen 
and colleagues (Abstract 121) present- 
ed data from their phase III, random-
ized, double-blind, placebo-controlled  
trial (BLAZE-2), which examined use of  
bamlanivimab in nursing homes for 
prevention of COVID-19. The investiga-
tors enrolled nursing home residents, 
high-risk staff, and stratified partici-
pants into prevention and treatment 
populations based on their baseline 
SARS-CoV-2 status. Median age of all 
participants was 51.5 to 53.5 years, 
median age of nursing home residents 
was 75 to 76 years, and 76% of parti- 
cipants were women. 

There was an 80% reduction in risk 
of symptomatic COVID-19 in nursing  
home residents who received bamla-
nivimab (odds ratio [OR], 0.28; P< 
.001). In terms of prevention of SARS-
CoV-2 acquisition of infection, a 76% 
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reduction in risk was observed (OR, 
0.24; P<.001). Viral loads in the bam-
lanivimab group were lower than those 
in the placebo group, and reductions 
in viral load and viral shedding were 
faster. Ultimately, the investigators con-
cluded that bamlanivimab can prevent 
SARS-CoV-2 infection and progression 
of symptomatic COVID-19.

O’Brien and colleagues (Abstract   
 123) reported on the use of an mAb cock- 
tail consisting of casirivimab and im-
devimab for prevention of COVID-19 in 
a phase III randomized, placebo-con-
trolled study. Enrolled patients were 
SARS-CoV-2 reverse-transcriptase poly-
merase chain reaction (RT-PCR) and 
antibody negative at baseline with an 
exposure to a household contact with 
COVID-19. The primary endpoint was  
SARS-CoV-2 RT-PCR–confirmed infec- 
tion, either symptomatic or asympto- 
matic. Median age of enrolled patients 
was 43 to 45 years, and nearly half were  
Latinx. Among patients who received 
casirivimab and imdevimab, there was  
a 100% reduction of symptomatic infec- 
tion and a 48% reduction of any infec-
tion (symptomatic or asymptomatic). 
The proportion of patients with high 
viral loads in the upper respiratory tract 
was higher in the placebo group than in 
the treatment group, and patients in  
the placebo group had a higher total 
number of weeks with detectable vi- 
ral RNA. These results suggest that 
casirivimab and imdevimab were effec- 
tive in preventing symptomatic SARS- 
CoV-2 infection in exposed household 
contacts, as well as in decreasing over- 
all infection rates, viral load, and du- 
ration of detectable respiratory tract 
viremia. 

Dougan and colleagues (Abstract 
122) presented data on use of bam-
lanivimab in addition to etesevimab 
for treatment of COVID-19. In their 
randomized double-blind, placebo-con- 
trolled trial (BLAZE-1), they enrolled 
high-risk adult patients in the ambu-
latory setting with mild or moderate 
COVID-19 within 3 days of SARS-CoV-2 
RT-PCR positivity. The primary endpoint 
was either hospitalization or death due 
to COVID-19 by day 29. Notably, 29% 
to 30% of participants were Latinx; 
more than 75% had mild COVID-19. 

Mean duration of symptoms was 4 
days. The primary endpoint occurred 
in 2.1% in the treatment group and 7% 
in placebo group (P=.0004), or a 70% 
reduction in the primary outcome. 
There were 0 deaths in the treatment 
arm and 10 deaths in the placebo 
arm. Investigators also observed de- 
creased viral load by day 7 in the treat- 
ment group compared with the pla- 
cebo group, as well as shorter median 
time to symptom resolution. They con-
cluded that the combination of 1 dose 
of bamlanivimab and etesevimab when 
given early in disease course reduced 
hospitalizations and deaths related to 
COVID-19 and decreased viral load and 
time to symptom resolution. 

Kallewaard and colleagues (Abstract  
426) examined the effect of genomic  
variation and variant selection of SARS-
CoV-2 and its effect on the activity of  
neutralizing mAbs. They studied bam- 
lanivimab and etesevimab individu-
ally and in combination. They then 
tested the activity of mAbs against 
these selected variants. No variants  
were identified with combination ther- 
apy bamlanivimab and etesevimab. 
Variants E484D/K/Q, F490S, Q493R, 
and S949P were observed with bamla-
nivimab alone, and K147N, D420N, and 
N460K/S/T/Y were observed with ete-
sevimab alone. These mutations were 
confirmed to have reduced susceptibil- 
ity to the single mAb agents with at 
least 50-fold or greater reduction in ac- 
tivity. However, mAb combination ther- 
apy effectively neutralized all variants 
except Q493R. This supports the use  
of combination mAb therapy for treat-
ment, given its robust effectiveness 
against variants (and current inability 
to rapidly assess for variants in clini-
cal settings), as well as lower rates of 
emergent resistance when used in com-
bination compared with monotherapy. 

Turning to HIV, Moldt and colleagues 
(Abstract 425) presented studies on 
genotypes and phenotypes with sensi- 
tivity to bNAbs. The investigators ge- 
notyped env sequences and predicted 
sensitivity to bNAbs with high probabil-
ity, with a positive predictive value of 
more than 75%. This holds promise for 
the ability to target individual viruses 
for future trials with specific bNAbs. 

Other COVID-19 Therapeutics

Jordans and colleagues (Abstract 124) 
presented research on a randomized 
clinical trial of convalescent plasma, 
of which results are consistent with 
prior clinical trials showing no benefi-
cial effect of convalescent plasma on 
mortality1,2 when not used in early 
disease.3 In this open-label random-
ized clinical trial across 14 hospitals in 
the Netherlands, investigators exam-
ined the effect of convalescent plasma 
on 60-day mortality. Enrolled patients 
were hospitalized for COVID-19 (SARS-
CoV-2 RT-PCR confirmed within 96 
hours); patients who had been me- 
chanically ventilated for longer than  
96 hours and those deemed to be ter-
minal or discharged were excluded. 
The study population was mostly male 
(72%), with a median age of 63 years 
and a median duration of symptoms 
of 10 days. There was no difference in 
outcome of death (adjusted hazard ratio 
[aHR], 0.95; P=.95). No difference in 
time to discharge (aHR, 0.88; P=.68), 
effect on viral clearance, change in 
antibody development, or change in  
cytokines was observed. Of note, most 
patients had already developed neu-
tralizing antibodies to SARS-CoV-2 at 
baseline. The study was terminated 
early because of lack of benefit. 

Gharbharan and colleagues pre-
sented 2 case series of convalescent 
plasma therapy for individuals with 
COVID-19 who were B-cell depleted 
from anti-CD20 therapy (Abstracts 391 
and 392). There were 5 patients and 23 
patients, respectively, in the case series 
who experienced prolonged symptoms 
from COVID-19 lasting approximately 
26 days. All patients had SARS-CoV-2 
detected by PCR and an absent anti-
body response to SARS-CoV-2. Patients 
were given convalescent plasma ther-
apy containing neutralizing antibody 
titers of at least 1:160. In the case series 
of 5 patients, all experienced clinical  
improvement and recovered after ther-
apy. Isolation was lifted 4 to 16 days 
after therapy. In the case series of 23  
patients, 20 patients recovered, and 3 
patients died. Among survivors, iso- 
lation was lifted after a median of 10 
days. The investigators suggest that 
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convalescent plasma therapy should be 
considered in B-cell–depleted patients 
with COVID-19 infection. 

Olender and colleagues presented 
combined data from 2 clinical stud- 
ies of remdesivir compared with stand- 
ard of care for the treatment of se-
vere COVID-19 disease (Abstract 393). 
This analysis included 368 patients 
receiving remdesivir and 1399 pa-
tients who were receiving standard 
of care. Analysis populations were bal- 
anced using propensity score match- 
ing. Of note, data on concomitant cor-
ticosteroid use were not available in 
these studies. Clinical recovery at day 
14 was greater in the remdesivir group 
than in the standard of care group (65%  
vs 57%, respectively; P=.0017). Mor-
tality through day 28 was lower in the 
remdesivir group than in the standard 
of care group (12% vs 16%, respectively; 
P=.026). The mortality benefit was lim- 
ited to those on low-flow oxygen at  
baseline (4% vs 13%, respectively; P= 
.0005) with no apparent benefit for 
those on room air or those receiving 
high-flow oxygen or invasive mechani-
cal ventilation. 

Munoz and colleagues presented in-
terim data from an ongoing, single-arm 
trial of remdesivir for severe COVID-19 
in children aged 18 years or younger 
(Abstract 617). There were 27 partici-
pants included, with a median age of 
10 years and a median weight of 34 
kg. Participants were hospitalized for 
a median of 2 days, had experienced 
COVID-19 symptoms for a median of 3 
days, and 67% required supplemental 
oxygen at baseline. Of participants, 3 
(11%) died due to COVID-19 and 2 (8%) 
discontinued remdesivir early due to 
adverse events (abnormal liver func-
tion tests in both cases). At the end of 
study follow-up, 82% were discharged 
from the hospital. 

Corritori and colleagues presented 
data from a retrospective analysis of  
patients hospitalized with COVID-19  
who were treated with favipiravir, an 
inhibitor of viral RNA polymerase ap- 
proved for treatment of COVID-19 dis- 
ease in Russia (Abstract 390). They in- 
cluded 940 patients: 470 patients treat- 
ed with a 10-day course of favipiravir 
and 470 treated according to standard 

of care. Patients were not random-
ized, and treatment was open-label. 
Patients treated with favipiravir experi-
enced a faster time to viral clearance 
compared with placebo (6 days vs 12  
days, respectively; P<.001) and a faster 
time to resolution of symptoms (8 days 
vs 15 days, respectively; P<.001). The 
investigators noted reduced progres-
sion to critical disease and reduced 
mortality with favipiravir.

Investigational Antiretroviral Agents

Capsid Inhibitor. Lenacapavir is a first-
in-class, long-acting inhibitor of HIV-1 
capsid that is being developed for the 
prevention and treatment of HIV-1 in- 
fection. Cihlar and colleagues reviewed 
the mechanism, clinical development,  
available resistance data, and pharma- 
cokinetic profile of lenacapavir (Ab- 
stract 22). Lutz and colleagues pre- 
sented data on drug-drug interactions  
with oral lenacapavir (Abstract 89). 
They found that coadministration of  
lenacapavir and darunavir/cobicistat, a 
strong cytochrome P450 3A (CYP3A)/P- 
glycoprotein (P-gp) inhibitor, increased 
the area-under-the-curve (AUC) of le-
nacapavir 2-fold. When coadministered 
with voriconazole, a CYP3A inhibitor, 
lenacapavir AUC was only increased  
30%. When coadministered with ataza- 
navir/cobicistat, a CYP3A/P-gp/UGT1A1 
inhibitor, lenacapavir AUC increased 
300%, suggesting that glucuronidation 
is the primary pathway for elimina-
tion. Coadministration with rifampin, a 
strong inducer of CYP3A/P-gp/UGT1A1, 
led to an 85% reduction in lenacapavir 
AUC, suggesting that coadministration 
is not advised. Studies of coadministra-
tion of efavirenz, a moderate inducer 
of CYP3A, are ongoing. Based on co- 
administration of probe drugs, lenaca-
pavir appears to be a moderate inducer 
of CYP3A. Lenacapavir pharmacoki-
netics were not affected by gastric acid 
reducers. 

Segal-Maurer and colleagues pre-
sented data on the use of lenacapavir 
in people with HIV who were heavily 
treatment experienced (Abstract 127). 
Eligible participants had plasma HIV-1 
RNA levels above 400 copies/mL, resis-
tance to 2 or more agents from 3 of 4 

main antiretroviral drug classes, and 2 
or fewer fully active drugs for an opti-
mized background regimen. The study 
included a randomized cohort with 
24 participants receiving 2 weeks of 
lenacapavir monotherapy and 12 par-
ticipants receiving placebo followed by 
initiation of lenacapavir in the placebo 
and an optimized background regimen 
for all participants. The nonrandomized 
cohort (n=36) initiated lenacapavir 
and an optimized background regimen 
at entry. For all participants, lenaca- 
pavir was given orally for 2 weeks fol-
lowed by subcutaneous dosing every 6  
months. A total of 72 participants were 
included: median age was 52 years, 
25% were female, the median CD4+ 
cell count was 150/µL, and the median 
HIV-1 RNA level was 4.5 log10 copies/
mL. The primary endpoint, achieving 
at least a 0.5 log10 copy/mL decline in  
plasma HIV-1 RNA level after 14 days 
in the randomized cohort, was more 
frequent in the lenacapavir group than  
in the placebo group (88% vs 17%; 
P<.0001). The mean decrease in plas- 
ma HIV-1 RNA level at day 14 was 
higher in the lenacapavir group than  
the placebo group (−1.93 log10 copy/ 
mL vs−0.29 log10 copy/mL; P<.0001). 
Approximately 73% of participants 
achieved a plasma HIV-1 RNA level be- 
low 50 copies/mL by week 26. Two par- 
ticipants experienced virologic break-
through after virologic suppression, 
with the emergence of high-level re-
sistance to lenacapavir. However, both 
participants resuppressed with con-
tinuation of lenacapavir. There were 
no safety concerns identified in this 
study. Injection site reactions occur- 
red in 46% of participants, were most- 
ly grade 1, and generally resolved in a 
few days. Some participants developed  
nodules that lasted for months but did 
not lead to treatment discontinua- 
tion. This study provides strong sup- 
port for the use of lenacapavir for  
the treatment of heavily treatment-ex-
perienced individuals with HIV.

Maturation Inhibitors. Spinner and col- 
leagues presented data on GSK3640254, 
a next-generation HIV-1 maturation in-
hibitor that is dosed once daily (Abstract 
126). They enrolled treatment-naive  
adults in a 10-day monotherapy trial  
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to assess the antiviral efficacy, pharma-
cokinetics, and preliminary safety. In 
the first part of the study, GSK3640254 
200 mg daily decreased plasma HIV-
1 RNA level by 2.01 log10  copies/mL,  
whereas there was a 0.22 log10 copy/
mL reduction with 10 mg daily and a 
0.14 log10 copy/mL increase with place-
bo. Of note, some participants receiv-
ing 200 mg daily developed resistance 
to GSK3640254 around day 10. For the 
second part of the trial, monotherapy 
dosing was reduced to 7 days. The in-
vestigators found that 40 mg, 80 mg, 
and 140 mg daily resulted in 1.18, 1.02, 
and 1.45 log10 copy/mL reductions, re-
spectively, in plasma HIV-1 RNA level  
after 7 days. In pharmacokinetic anal-
yses, GSK3640254 140 mg and 200 
mg daily had similar profiles and were 
well above the clinical efficacy target. 
No safety or tolerability concerns were 
identified in this small study phase I  
study.

Clinical Trials of Antiretroviral 
Therapy 

Second-Line Therapy. Paton and col-
leagues presented data on a randomiz- 
ed clinical trial comparing antiretrovir- 
al therapy (ART) regimens for second-
line therapy (Abstract 94). This trial 
used a factorial design to compare do-
lutegravir with darunavir/ritonavir and 
continuation of tenofovir disoproxil 
fumarate/lamivudine with switching 
to zidovudine/lamivudine in partici-
pants whose prior regimen failed. This 
trial used a public health approach and 
did not employ resistance testing or 
frequent viral load monitoring. There 
were 464 participants included (61% 
women, median age 34 years, median 
CD4+ cell count 194/µL, median plas-
ma HIV-1 RNA level 4.4 log10 copies/
mL). There was extensive nucleoside 
reverse transcriptase inhibitor (nRTI) 
resistance at baseline, with 50% of par-
ticipants having the K65R/N mutation 
and 87% having M184V/I. Dolutegravir 
was found to be noninferior to daruna-
vir/ritonavir, with 90% and 92% of par-
ticipants, respectively, achieving the 
primary endpoint of plasma a HIV-1 
RNA level less than 400 copies/mL at 
week 48 (difference, −1.5%; 95% con-

fidence interval [CI], −6.7%-3.7%). In 
the dolutegravir group, 4 participants 
(2%) developed integrase strand trans-
fer inhibitor (InSTI) resistance-associat-
ed mutations; no darunavir resistance-
associated mutations were detected. 
Continuation of tenofovir disoproxil 
fumarate was noninferior to switch-
ing to zidovudine, with 92% and 90% 
of participants, respectively, achiev-
ing the primary endpoint of a plasma 
HIV-1 RNA level less than 400 copies/
mL at week 48 (difference, 2.7%; 95% 
CI, −2.6 -7.9%). There were no nega-
tive effects on treatment outcomes as- 
sociated with nRTI resistance at base-
line in any of the treatment arms. Spe- 
cifically, participants with 0 active nRTIs 
in their assigned regimen experienced 
92.4% and 93.7% suppression in the 
dolutegravir and darunavir groups, re- 
spectively. For those with K65R/N pre- 
sent at baseline, participants in the te-
nofovir and zidovudine groups experi-
enced 94% and 96% virologic suppres- 
sion, respectively. Similar results were  
seen for those with an M184V/I.  These 
data support the use of dolutegravir 
for second-line therapy without the 
need for preswitch viral load or resis-
tance testing. The study results also 
support the use of tenofovir disoproxil 
fumarate/lamivudine for second-line 
therapy, which may be preferable for 
patients and ART programs.

Siedner and colleagues presented 
data from a randomized clinical trial 
that examined genotypic resistance 
testing after failure of initial ART in 
sub-Saharan Africa (Abstract 95). This 
was an open-label pragmatic clinical 
trial enrolling people with HIV who had 
taken initial ART for at least 5 months, 
had an HIV RNA level above 1000 cop-
ies/mL, and had no known history of  
drug resistance. Participants were ran- 
domly assigned to immediate geno-
typic resistance testing or to standard of 
care, which involved adherence coun-
seling, repeat viral load measurement, 
and transition to second-line therapy 
if HIV RNA level remained higher than 
1000 copies/mL. The results of partici-
pants who received resistance testing 
were used to guide management. The 
primary outcome, a plasma HIV-1 RNA 
level below 200 copies/mL at 9 months, 

was achieved in approximately 60% of 
participants in both arms and was not 
statistically different. Overall, the re-
sults showed that resistance testing did 
not improve outcomes among patients 
whose first-line therapy failed.

Long-Acting Cabotegravir/Rilpivirine.  
Jaeger and colleagues presented week  
96 data from the ATLAS-2M (Cabote- 
gravir and Rilpivirine Every 2 Months 
Is Noninferior to Monthly) study, which 
long-acting (LA) cabotegravir (CAB) and 
rilpivirine (RPV) dosed every 4 weeks 
with every 8 weeks dosing (Abstract 
401). The study enrolled virologically 
suppressed individuals who were re-
ceiving CAB/RPV LA every 4 weeks, 
those receiving a control regimen of 
oral ART in prior trials, and de novo 
participants who were suppressed on 
an oral regimen. Those not receiving 
CAB/RPV LA underwent an oral lead-in 
of CAB and RPV. Participants were ran-
domly assigned to receive LA CAB/RPV 
every 4 or every 8 weeks. The week 48 
endpoints have been previously report-
ed.4 At week 96, every 8-week dosing 
was noninferior to every 4-week dos-
ing; the primary endpoint of virologic 
nonresponse (plasma HIV-1 RNA level 
at or above 50 copies/mL) was found 
in 2.1% of participants in the every 8- 
week arm and 1.1% of participants in 
the every 4-week arm (difference, 1.0%; 
95% CI, −0.6-2.5%). Only 1 additional 
confirmed virologic failure occurred be-
tween week 48 and week 96 in a par-
ticipant in the 8-week arm. In total, 9 
confirmed virologic failures occurred in 
the 8-week arm (7 with RPV and 5 with 
integrase resistance-associated muta-
tions) and 2 occurred in the 4-week 
arm (1 with RPV and 2 with InSTI re-
sistance-associated mutations). There 
were no differences in safety outcomes 
between arms, and the proportion who 
discontinued for injection-related rea-
sons was low in both arms (1% in the 
every 8-week arm and 2% in the every 
4-week arm). The authors concluded 
that these longer-term data support the 
use of 8-week dosing of CAB/RPV LA 
for maintenance ART. 

Benn and colleagues presented 
pooled data from 3 trials of CAB/RPV 
LA on the subgroup of participants 
aged 50 years and older (Abstract 402). 
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They found similar viral efficacy out-
comes, safety profiles, adherence to 
treatment, and treatment satisfaction 
among participants older than 50 years 
and younger participants.

The HIV Care Cascade and 
Disparities in Treatment 
Outcomes

Predictors and Challenges in 
Achieving HIV Care Cascade Targets 
From Around the Globe

Data from cohorts and settings in 
North America suggest that dispari- 
ties in the HIV care cascade persist,  
although many settings have achieved 
the 90-90-90 targets. Li and colleagues 
(Abstract 104) examined trends in time- 
ly receipt of ART in 13 United States 
NA-ACCORD (North American AIDS 
Cohort Collaboration on Research and 
Design) clinical cohorts between 2012 
and 2018 by sociodemographic and 
clinical characteristics. Of the 11,853 
treatment-naive people with HIV in-
cluded in the analysis, 48% were men 
who have sex with men (MSM), 77% 
were younger than 50 years, 45% were 
black, and 15% were Latinx. Timely ART 
initiation, defined as within 30 days of 
entry into care, occurred for 56.4% of 
the cohort and increased significantly 
between 2012 (42%) and 2018 (82%). 
In the unadjusted analysis, decreased 
rates of timely ART initiation were seen 
in black patients compared with white 
patients, non-Latinx patients (aHR, 
0.89; 95% CI, 0.83-0.94), and people 
with HIV in the South compared with 
those living in the West (aHR, 0.78; 95% 
CI, 0.69-0.88). A history of substance 
use disorder was also associated with 
decreased timely ART initiation (aHR, 
0.81; 95% CI, 0.74-0.90). Disparities for 
black people with HIV, people with HIV 
living in the South, and people with 
HIV and a history of substance use dis-
order persisted in adjusted analyses. 
Although it does appear that overall 
incidence of and disparities in timely 
ART improved over time, these data 
suggest that specific populations and 
regions deserve particular attention. 

Geographic disparities in HIV treat-
ment outcomes were examined in 
more detail in Mississippi, Alabama,  

and Louisiana by Rana and colleagues 
(Abstract 105). They used data col- 
lected in the Enhanced HIV/AIDS Re- 
porting System (eHARS) to examine  
days to viral suppression among peo-
ple with HIV aged 13 years or older 
diagnosed with HIV between 2012 and  
2019. The investigators found signi- 
ficant decreases in days to viral sup-
pression for all 3 states comparing 
data from 2012 to 2015 with data from 
2016 to 2019: a decrease from 211 
days to 137 days for Alabama, from 
242 days to 118 days for Louisiana, 
and from 332 days to 168 days for Mis- 
sissippi. Investigators also noted per-
sistent geographic disparities in time 
to viral suppression. Some regions 
showed marked improvements, most 
notably across the entire state of Ala-
bama and in Louisiana’s public health 
area 1 (around New Orleans), which  
went from median time to viral sup-
pression of 250 days to 86 days. These 
differences may reflect the impact of 
Medicaid expansion or regional rapid 
ART initiatives. Overall, these data dem-
onstrate encouraging improvements in 
time to viral suppression over time but 
also highlight regions and populations 
that are falling behind, including ado-
lescents and the Mississippi Delta and 
coastal regions. 

Moore and colleagues estimated HIV  
care cascade components for MSM par- 
ticipating in the Engage study, a bio- 
behavioral cross-sectional and cohort 
study with recruitment by respondent-
driven sampling among 2503 MSM 
in Montreal, Toronto, and Vancouver, 
Canada (Abstract 776). The investiga-
tors found significant differences in 
HIV Care Cascade components among 
MSM between the 3 cities, with higher 
rates of undiagnosed HIV infection in 
Montreal (3.3%) and Toronto (3.2%) 
than in Vancouver (0.2%; P for differ-
ence <.001). Percentage of MSM on 
ART and with unsuppressed viral load  
(HIV RNA level ≥200 copies/mL) also 
varied significantly: in Montreal 87.6% 
and 10.6%, in Toronto 82.6% and 4.0%, 
and in Vancouver 88.5% and 2.6%, 
respectively. Statistically significantly 
lower odds of unsuppressed viral load 
were found for residents of Vancou-
ver than those of Montreal (adjusted 

OR [aOR], 0.23; 95% CI, 0.06-0.82), 
for those with a primary care provider 
(aOR, 0.11; 95% CI, 0.02-0.57), for 
older participants (aOR, 0.93 per year; 
95% CI, 0.89-0.97), and for those di-
agnosed with a sexually transmitted 
infection (STI) (aOR, 0.12; 95% CI, 
0.04-0.32). Surprisingly, lower odds of 
unsuppressed viral load were also seen 
for those with an Alcohol Use Disorders 
Identification Test-Concise (AUDIT-C) 
score indicative of high-risk drinking 
(aOR, 0.19; 95% CI, 0.05-0.70). Al-
though 90-90-90 targets were achieved 
across all 3 cities, there are disparities 
both between cities and within certain 
populations, such as younger MSM or 
those without a primary care practitio-
ner, within each location. 

Encouraging data from sub-Saharan 
Africa show that many programs are 
exceeding 90-90-90 targets. Wu and col-
leagues used data from the 2018 to 2019 
Lesotho National HIV Drug Resistance 
Survey to estimate retention and viral 
load suppression among adults (Ab-
stract 761). This cross-sectional study 
randomly selected participants from 30 
clinics stratified by probability propor-
tional to size. Data were collected from 
separate cohorts: those initiating ART 
for retention and 12-month viral sup-
pression data and those who started 
ART more than 48 months ago. Reten-
tion in care at 12 months was 75%, and  
viral suppression was high: 93.4% at 12 
months and 92.1% for those followed-
up for 48 months or more. However, 
both metrics were statistically signifi-
cantly lower for participants aged 18 to 
24 years; retention at 12 months was 
only 56% in this age group, and odds 
of viral suppression were greater in 
other age groups: 3.5 (95% CI, 2.9-4.3) 
in those aged 45 years and older and 
1.4 (95% CI, 1.2-1.6) in those aged 24 to 
44 years. The investigators noted con-
cern for overall retention in care at 12 
months, which is well below the 90-90-
90 targets, and for the challenges faced 
by younger adults in Lesotho. 

McCluskey and colleagues presented 
the 24-week outcomes of a prospec-
tive, observational cohort of people 
on ART transitioning to dolutegravir-
based regimens in public clinic sites 
in Uganda (Abstract 399). At baseline, 
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95% of the 499 participants enrolled 
had an HIV RNA level below 50 copies/
mL. Of the 448 individuals who com-
pleted the 24-week visit, only 1% had 
discontinued dolutegravir because of 
adverse effects or clinical discretion, 
and 96% had HIV RNA levels below 50 
copies/mL. An HIV RNA level greater 
than 50 copies/mL at week 24 was as-
sociated with an HIV RNA level greater 
than 50 copies/mL at the time of switch 
to dolutegravir (P<.001). Despite treat-
ment interruptions due to COVID-19, 
86% of participants remained in care 
and virally suppressed 24 weeks after 
transition and dolutegravir was well 
tolerated. These data provide support 
for public health policies transitioning 
people with HIV to dolutegravir-based 
regimens but suggest the need for cau- 
tion in those not virally suppressed be- 
fore transition. 

Data from the Rakai Community Co-
hort Study were used to examine the 
association between ART use and dis-
tance to clinic among men in Uganda, 
a group that often has lower utilization 
of ART than women (Abstract 659). In-
vestigators used GPS data to estimate 
distance between residence and near-
est possible HIV treatment center and 
did not find an association between 
distance and being initiated on ART. In-
creased risk of absence of ART use was 
seen among men who were divorced or 
never married compared with married 
men and among residents from non-
fishing communities compared with 
fishing communities. The investigators 
speculated that test-and-treat programs 
targeted to the fishing communities in 
the Rakai Cohort have increased ART 
uptake in those groups.

Racial Disparities and Structural 
Barriers in HIV Care Outcomes

Humes and colleagues (Abstract 654) 
used data from the NA-ACCORD study 
for individuals initiating ART between 
2012 and 2018 in the United States to 
examine incidence of achieving viral 
suppression within 6 months over time 
and factors predicting disparities in at-
tainment of viral suppression. Of 9807 
people with HIV initiating ART, inci-
dence of achieving viral suppression 

increased over time, from 77% be-
tween 2012 and 2013 to 83% between 
2016 and 2018. Factors associated with 
lower rates of viral suppression in the 
adjusted analysis included age younger 
than 50 years, Northeastern and South-
ern geographic regions, black race, 
substance use disorder, history of injec-
tion drug use, and initiating ART that  
did not include an InSTI. The increase 
in viral suppression incidence over 
time is encouraging, but the racial, age, 
and substance use disorder disparities 
in attainment of viral suppression have 
clear implications for efforts to end the 
HIV epidemic.

Three abstracts examined care out- 
comes in specific racial or ethnic mi-
norities using data from the National 
HIV Surveillance System (NHSS). Sem-
bajwe and colleagues (Abstract 655)  
examined outcomes among American  
Indian and Alaska Native people in 
the United States in 2018 and com-
pared data from Indian Health Services 
(IHS) areas with national data. They  
found improved linkage to care within 
1 month of diagnosis and viral sup-
pression within 6 months of diagnosis 
outcomes in IHS areas compared with 
national data for American Indian and 
Alaska Native people: 79.1% compared 
with 77.9% for linkage and 67.7% com- 
pared with 64% for viral suppression, 
respectively. However, both outcomes 
were less favorable than those seen for 
non-Hispanic white people in the same 
geographic regions. 

Singh and colleagues explored data 
on care outcomes among Asian people 
with HIV in the United States in 2018, 
also using NHSS data (Abstract 760). 
Different from trends seen in other ra-
cial/ethnic groups, where younger age 
is often associated with poor care out-
comes, they found a lower prevalence 
of linkage to care, retention in care, 
and viral suppression (HIV <200 cop-
ies/mL) in Asian people 55 years or 
older, compared with younger Asian 
people. However, of the 786 Asian peo-
ple diagnosed with HIV in 2018, men 
aged 13 to 34 years and women aged 
35 to 54 years were more likely to be 
diagnosed concurrently with HIV and 
AIDS. Overall, care cascade metrics for 
Asian people fell short of ending the 

HIV epidemic target for Asian people in 
the United States.

To examine structural factors and 
their impact on care outcomes for 
black people with HIV in the United 
States, Logan and colleagues used 
cross-sectional data from the NHSS, 
the US Census, and the Home Mort-
gage Disclosure Act (Abstract 656). The 
3 structural factors considered were 
residence in a Medicaid expansion 
state, residence in a state where more 
than 50% of people with HIV receive 
care through the Ryan White Compre-
hensive AIDS Resources Emergency  
(CARE) Act, and residence in a cen-
sus tract with redlining. A redlining 
index was assessed for each census 
tract based on the ratio of rejected  
mortgage applications by race. The 
redlining index was adjusted for loan 
amount, income, and sex. The inves-
tigators found a mean index of 2.0 
across all census tracts, meaning that 
black mortgage applicants were twice 
as likely to be rejected for their loan as 
white applicants. Among 13,042 black 
or white people with HIV in 2017 from 
42 jurisdictions with complete labora-
tory data, there was not a significant 
association between a redlining index 
above 2.0, race, and either linkage to 
care within 1 month of HIV diagnosis or 
viral suppression (HIV RNA level <200 
copies/mL) in 2018. Black and white 
people with HIV who lived in a Medicaid 
expansion state were more likely to be 
linked to care within a month of diag-
nosis (adjusted prevalence ratio [aPR], 
1.06; 99% CI, 1.02-1.10 for black people 
with HIV, and aPR, 1.06; 99% CI, 1.01- 
1.10 for white people with HIV). Resi-
dence in a state where more than 50%  
of people with HIV received support 
from the Ryan White CARE Act was 
also associated with linkage to care for  
white people with HIV, but not black 
people with HIV, and viral suppression 
for both racial groups (aPR, 1.06; 99%  
CI, 1.02-1.11 for black people with HIV, 
and aPR, 1.05; 99% CI, 1.00-1.09 for 
white people with HIV). Although the 
sample was not nationally represen- 
tative, and the effect sizes of associa- 
tions found for Medicaid expansion 
and Ryan White CARE Act participation 
were not very strong, this novel use of 
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structural variables to predict HIV care 
outcomes on a population level shows 
promise for future investigations. 

Two other presentations focused on 
structural barriers to care in populations 
impacted by the HIV epidemic. Poteat 
and colleagues conducted a cross-sec-
tional survey among 213 transgender 
women in South Africa between May 
and September of 2018 to explore mul- 
tiple structural barriers, including hun- 
ger, homelessness, poverty, condomless 
sex, sex work, violence, social work, alco-
hol use disorder, and medical distrust, 
and their associations with outcomes  
of HIV status and inability to access ART 
in the prior 12 months (Abstract 657). 
Within the cohort, 31.6% of respon-
dents reported living with HIV, and 31% 
of the 64 respondents who had taken 
ART reported treatment interruption. 
The investigators created multivariate 
logistic regression models for both out-
comes and found that prior or current 
homelessness (aOR, 6.6; 95% CI, 2.6-
17.0) or sex work (aOR, 6.9; 95% CI, 
3.0-16.0) were both predictive of living 
with HIV. Homelessness was also pre-
dictive of interruption in ART (aOR, 9.1; 
95% CI, 2.1-39.0). These findings sug-
gest that experiences of homelessness 
may have a strong impact on risk for 
HIV and on opportunities for care en-
gagement among transgender women 
in South Africa. 

Sjöland and colleagues conducted a  
face-to-face survey of 316 Burmese mi-
grants living with HIV in Chiang Mai, 
Thailand, to examine the association 
between food insecurity, income, and 
the HIV care outcomes of ART adher-
ence and viral suppression (Abstract 
658). The cohort had high levels of food 
insecurity (48.7%), with severe food 
insecurity in 14.2%, but also reported 
96.8% adherence with 93.5% viral sup- 
pression. Food insecurity was associ-
ated with lack of viral suppression (OR, 
4.13; 95% CI, 1.22-14.0) and perceived 
poverty (OR, 5.96; 95% CI, 2.58-13.76), 
suggesting that Burmese migrants face 
substantial income-related barriers to 
viral suppression. Although the overall 
care outcomes data for this population 
are encouraging, interventions to sup-
port food security and income may be 
useful in sustaining viral suppression.

Interventions to Improve the HIV 
Care Cascade

The Deliver Health Study, presented 
by Barnabas and colleagues (Abstract 
111), compared clinic-based ART with 
a fee-for-home-ART delivery and moni- 
toring service in Pietermaritzburg, Kwa- 
Zulu Natal, South Africa, from Oct-
ober 2019 to January 2020 during the 
COVID-19 lockdown. Individuals either 
on (62%) or initiating (36%) ART were 
randomly assigned to standard of care, 
receiving ART from the clinic (n=80), 
or a no-contact home delivery with a 
one-time fee based on participant in-
come (n=82). The investigators found 
that 98% of participants who paid the 
fee and 100% in the home delivery 
arm would recommend participation 
to others. After a median follow-up of 
47 weeks, viral suppression (HIV RNA 
level <100 copies/mL) was 74% in the 
standard of care group and 88% in the 
home delivery group (relative risk for 
viral suppression, 1.21; 95% CI, 1.02-
1.42). The investigators highlighted 
that assessing a fee for such services 
seemed feasible for the participants 
and would make the delivery service 
financially sustainable from a pro-
grammatic perspective. The context of 
COVID-19 lockdown may have contrib-
uted to poor outcomes in the standard 
of care group, but the improved viral 
suppression outcome seen with home 
delivery remains notable and worthy  
of further exploration.

Two interventions specifically target- 
ed men with HIV. Kim and colleagues 
presented data on linkage to care for 
122 men with HIV participating in a  
community cluster randomized trial of 
2 interventions: a financial incentive 
for linkage to care within 6 weeks of 
HIV diagnosis or care re-engagement 
and a tablet-based decision support mo- 
bile app (Abstract 753). Overall, 75.4%  
of participants either initiated or re-
sumed HIV care within 3 weeks. The 
decision-support intervention alone  
was the only arm of the trial that show- 
ed an improvement in linkage over 
standard of care (risk ratio, 1.86; 95%  
CI, 1.19-2.92). Neither the financial in- 
centive nor a combination of the finan-
cial and decision-support interventions 

were significantly associated with in-
creased linkage to care compared with 
standard of care. 

The second intervention targeting 
men used a peer-support intervention 
to improve linkage to and retention in 
care (Abstract 756). Investigators con-
ducted formative qualitative research 
with 76 men and 68 health care prac-
titioners and used those findings to 
construct a cross-sectional survey of  
2019 men aged 20 to 34 years. The 
investigators found that men expe-
rienced profound fear and isolation 
around their HIV diagnosis, they as-
sociated HIV treatment with loss of 
health, and they anticipated a nega-
tive clinic experience when engaging 
in HIV care. From these data, investi-
gators partnered with men from their 
target population in a series of design 
workshops and cocreated a coach-
ing model, training men with HIV on 
stable ART to support men newly di-
agnosed with HIV or lost to follow-up. 
Of 3848 men enrolled, 96% started or 
restarted ART during the pilot period 
between March and September 2020. 
The pilot period enrolled a different co- 
hort of men each month in a stepped- 
wedge implementation model, and 
follow-up time varied by cohort from 
1 to 6 months. Overall, 95% of the co-
hort was retained at the endpoint, and 
retention within the cohorts with lon-
ger follow-up times was low at month 1 
(90%-93% for cohorts with 4-6 months 
of follow-up) but increased over time to 
94% to 96%. Although the intervention 
had been designed to target men aged 
30 years or younger, 78% of those en-
rolled were aged 30 to 49 years. The 
investigators also found that few men 
declined coaching when approached, 
disclosure of HIV status remained a 
dominant fear for participants, and 
coaches served as positive role mod-
els within the community and as allies 
for clinic nurses. It was also noted that 
coaches were more successful if they 
were men with HIV and that many be- 
came overburdened either with the 
needs of their clients, particularly if cli-
ent load was high, or by unrelated tasks 
assigned to them within the clinic. Out- 
reach was largely clinic based through- 
out the study period because of COVID- 
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19, but future adaptations proposed 
by the investigators include commu-
nity outreach, group coaching in an 
adherence-club model, and expansion 
to other medical conditions such as tu-
berculosis or mental health. 

The CoRECT (Cooperative Re-En- 
gagement Controlled Trial) in Con- 
necticut used a data-to-care strategy 
and disease intervention specialists 
(DISs) to facilitate relinkage to care in 
a randomized control trial (Abstract 
740). Between November 2016 and 
July 2018, investigators identified 655 
people with HIV who were out of care, 
defined as lack of viral load measure-
ment or clinic visit in the last 6 months, 
and randomly assigned them to ei-
ther clinic standard of care or to an 
intervention by a DIS to locate par-
ticipants, assess barriers to care, and 
facilitate relinkage. Investigators did 
find a significant difference in the pri-
mary outcome, re-engagement in care 
at 90 days, between the DIS group 
(51.1%) and standard of care (41.9%; 
P=.019 for difference between the 
groups) but did not see a statistically 
significant difference in retention in 
care at 12 months or in viral suppres-
sion at 12 months between the groups. 
Regardless of intervention arm, those 
who re-engaged in care at 90 days 
were more likely to be retained in care 
at 12 months. Based on these find-
ings, this approach could be useful to 
support initial re-engagement for a 
recently out-of-care population but 
should be supported by further inter-
ventions to sustain engagement. 

Rodriguez-Hart and colleagues used 
the inclusion of gender-affirming sur-
gery within the New York Medicaid  
program in 2015 to determine the im- 
pact of this intervention on viral sup-
pression among transgender people 
with HIV in New York City between 
2013 and 2017 (Abstract 107). Investi-
gators found that transgender people 
with HIV enrolled in Medicaid had an 
increase in viral suppression (HIV RNA 
level <200 copies/mL at last test) of  
13% in this timeframe. Transgender 
people with HIV enrolled in Medicaid 
who received gender-affirming surgery 
had a higher rate of viral suppres-
sion in 2017 (85.1%) than the overall 

population of transgender people with 
HIV enrolled in Medicaid (75.4%). This 
level of viral suppression was more 
aligned with the comparator groups: 
people with HIV not enrolled in Medic-
aid (83.2%), cisgender women (82.2%), 
and cisgender men (85.5%). Trans-
gender people with HIV in Medicaid 
who received gender-affirming surgery 
showed increased viral suppression 
before surgery, which is often a re-
quirement for surgery, but remained at 
87.7% at 2 years postsurgery. 

The investigators also noted that 
this population included demographic 
characteristics often associated with 
lower viral suppression: 57.3% were  
black, 22.2% were aged 20 to 29 years, 
and 44% were living in high-poverty 
areas. The investigators suggest that  
both preparing for and receiving gen- 
der-affirming surgery can lead to sus-
tained increases in viral suppression 
for this population in whom opportu-
nities for viral suppression remain low. 
Although the use of a Medicaid data-
base likely leads to under-reporting of 
people of transgender experience be-
cause the database does not include 
self-identification as transgender, this 
database can still provide insight into 
the potential positive impact of gender-
affirming surgery on this marginalized 
population. 

Lopes and colleagues pooled data 
from 2 pragmatic cluster-randomized 
trials, each with incomplete recruitment 
and viral load data, to examine the im-
pact of a differentiated service delivery 
(DSD) model providing ART refills in 
the community every 6 months with 
clinical consultation annually (Abstract 
182). The trials took place in Zimba-
bwe and Lesotho but had the same 3 
care arms: standard of care of clinic-
based refills every 3 months along with 
clinical consultation, community-based 
refills every 3 months with annual con-
sultation, and community-based refills 
every 6 months with annual consulta-
tion. Noninferiority analysis of 10,136 
participants compared retention in 
care at 12 months (95% overall) and 
viral suppression (98% overall) in the 
3 groups. The analysis was limited by 
lack of viral load testing in some treat-
ment arms: 66% in the standard of 

care, 61.2% in the 3-month community- 
based refill arm, and 43.1% in the 6- 
month community-based refill arm.  
However, in the adjusted analysis, both  
intervention arms met criteria for non-
inferiority for retention in care and 
for viral suppression. There were also  
no clear differences in unscheduled 
visits between arms. Despite the chal- 
lenges with study design, these find- 
ings indicate that a DSD model allow- 
ing for community-based refills as in-
frequently as every 6 months would be 
feasible as a cost-reduction measure. 

Pearson and colleagues described 
clinical outcomes for people with HIV 
re-engaging in care or facing a lapse in 
care within 3 community-based, nurse-
led care sites that offer immediate ART 
(Abstract 762). Of 260 individuals pre-
senting to care between October 2016 
and March 2020, motivations for re-
engagement included loss of insurance 
(58%), relocation (37%), and need for 
STI services (17%). ART prescriptions 
were requested by 91.9% of those pre-
senting to care and were provided on 
the same day for 93% of clients and, 
overall, for 99.6%. Lack of viral suppres- 
sion on re-engagement was found in 
143 people with HIV, and 75% of those 
were suppressed at their next encoun-
ter. Of the 117 with viral suppression at 
baseline, 94% sustained suppression at 
their next encounter. These data sup-
port the efforts of a community-based, 
nurse-led clinic offering immediate ART  
and suggest that this venue can also 
engage people with HIV not presenting 
for ART, such as those presenting for 
STI treatment. 

An unblinded, randomized, control- 
led trial in Uganda compared rates 
of viral nonsuppression at 6 months 
among 1686 people living with HIV 
meeting criteria for ART initiation who  
were randomly assigned to nurse-ini-
tiated or to clinician-initiated ART (Ab- 
stract 758). The primary outcome of 
viral load nonsuppression (HIV RNA 
level >1000 copies/mL) after 6 months 
on ART was observed in 7.7% of par-
ticipants, and rates of nonsuppression 
in the nurse-initiated ART were nonin-
ferior to the clinician-initiated arm (risk 
difference, 0.0018; 97.5% CI,−0.031-
0.035). Baseline CD4+ cell count and  
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age 35 years or younger were statis- 
tically significant predictors of non- 
suppression. Only 66% of participants 
had a viral load test result at 6 months, 
but attrition did not differ between 
study arms. These findings suggest that 
nurse-initiated ART is a feasible strat-
egy for care delivery in this context.

Differentiated Service Delivery

Nichols and colleagues examined the 
cost of various service delivery meth-
ods in Zimbabwe (Abstract 766). They 
compared cost and retention in care 
over 12 months of community ART 
refill groups (CARGs) with the tradi-
tional model of facility- or clinic-based 
care. The retention rates of all groups 
were high at more than 90%, with a nu-
merical trend higher in the CARGs and 
comparable total average costs in the 3 
arms ranging from $179 to $190 USD. 

Okere and colleagues compared 
patient costs in a DSD model in ART 
“clubs,” where antiretroviral drugs are  
dispensed by trained community mem- 
bers, compared with standard clinic-
based care in a northwestern Tanzanian 
community (Abstract 767). They found 
significantly higher direct and indirect 
patient costs in the standard clinic-
based model than with the DSD model; 
patient cost per year was $31.80 over-
all for clinic-based care ($11.70 for 
direct costs, $20.20 for indirect costs) 
and $11.90 overall for club-based care 
($4.17 for direct costs, $7.71 for indi-
rect costs) (P<.001). This again shows 
the cost-effectiveness of community-
based DSD models. 

Jo and colleagues observed in-
creases in patient participation in DSD 
models for the first 8 months after the 
first COVID-19 case in Tanzania, but 
the interval of medication delivery was 
decreased because of issues in supply 
owing to the pandemic (Abstract 768). 

Bassett and colleagues presented 
observational data on community pick- 
up points (PUPs) as an alternate to fa-
cility-based care (Abstract 769). Higher 
uptake of PUPs was associated with 
younger age, living 10 to 30 km away 
from a clinic, HIV stigma, and more 
convenient location or hours of PUPs. 
This information can help increase use  

and efficiency of PUPs in certain pop- 
ulations. 

Hoffmann and colleagues presented 
a new form of differentiated care tar-
geted at retention in care of populations 
recently released from incarceration in 
South Africa (Abstract 770). Their in-
tervention was based on community 
clubs with peer-based groups meet-
ing every 2 weeks, along with a social 
worker and referrals to other services 
if needed. The investigators observed 
a significantly increased proportion of 
participants in the intervention group 
who stayed in care (58% vs 32% in the 
standard of care arm; P=.001). This 
model could be adapted nation- and 
worldwide to improve rates of retention 
in care for individuals recently released 
from the criminal-legal system. 

The Impact of the COVID-19 
Pandemic on HIV Treatment and 
Care Outcomes

An excellent overview of the impact of 
COVID-19 on the global HIV pandemic 
was provided by Kambugu (Abstract 
32). He described the negative effects 
of COVID-19 lockdown on every part of 
the HIV-care cascade. Less community 
outreach and access to testing leads 
to decreases in the number of indi-
viduals diagnosed with HIV. Decreased 
clinic services can impact linkage to 
care and ART-prescription provisions. 
Fear of contracting COVID-19 during  
clinic visits can impact retention in 
care, and supply chain disruptions and  
increases in poverty can impact viral 
suppression. He cited concerning data 
from a Global Fund: More than 70% of 
respondents with HIV reported moder-
ate or high levels of disruption to their 
service delivery during the COVID-19 
pandemic. Kambugu called for system- 
atic approaches and innovation to miti-
gate the impact of COVID-19, including 
telehealth and DSD models.

Reports from high-income coun-
tries on the impact of COVID-19 on 
HIV care delivery and outcomes were 
mixed. Data from the HOPS (HIV Out-
patient Study) between January and  
September 2020 were used to deter- 
mine the changes in HIV care encount- 
ers and predictors of decreases in  

engagement (Abstract 752). The in-
vestigators found that encounters of 
all types, including viral load testing,  
decreased beginning in January 2020, 
and the rise of telemedicine visits did  
not compensate for the overall de-
crease in the number of outpatient 
visits. Predictors of lack of clinic visits 
included female sex, Latinx ethnicity, 
public insurance, and older age, but 
none of the predictors examined pre-
dicted lack of viral suppression. These 
data imply that significant challenges 
to care engagement during COVID-19 
exist for this cohort that were not com- 
pensated for by adaptations of care de- 
livery models such as telehealth.  

Antinori and colleagues presented 
encouraging data from ICONA (Italian 
Cohort of Antiretroviral-Naive Patients) 
cohort participants, comparing viral 
suppression before and during Italy’s 
COVID-19 lockdown (Abstract 748). 
The investigators found an increased 
risk of an HIV RNA level 50 copies/
mL or higher after adjustment for na-
tionality, sex, HIV clinical variables, or 
geographic location (aHR, 1.44; 95% 
CI, 1.20-1.72). However, in an on-treat-
ment analysis and a sensitivity analysis 
that adjusted for missing data through 
inverse probability of weighting, there 
was not a statistically significant differ-
ence between an HIV RNA level above 
50 copies/mL in 2019 and 2020. The 
investigators concluded that, despite 
the devastating impact of COVID-19 on 
Italy, the data suggest that absolute risk 
for virologic failure remained low for 
cohort participants. 

Data from low- and middle-income 
countries demonstrated significant re- 
silience of HIV programs to COVID-19– 
related impacts and some successful 
mitigation strategies, including multi- 
month prescriptions and community-
based delivery mechanisms. Joseph 
and colleagues described the experi- 
ence of GHESKIO (Haitian Group for  
the Study of Kaposi's Sarcoma and 
Opportunistic Infections), an HIV treat-
ment center serving more than 13,000 
people with HIV receiving ART in Port-
au-Prince, Haiti, with community-based 
ART and laboratory testing, a strategy 
they adopted to deliver care during 
civil unrest beginning in September 
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2019 and expanded during the COVID-
19 pandemic (Abstract 185). Services 
offered included nurse-staffed commu-
nity distribution points, where people 
with HIV could pick up ART prescrip-
tions and have viral load testing, and 
home delivery of ART through com-
munity health workers. Beginning in 
May 2019, all people with HIV served 
by GHESKIO were offered either in-
clinic or community-based services at 
the time of each encounter, regardless 
of venue. The number of community 
distribution points increased from 1 in 
May 2019 to 9 in November 2019. The 
investigators examined trends in use of 
the non-clinic-based services between 
May 1, 2019, and January 27, 2021, 
with a particular focus on the period of  
civil unrest (September 2019-February  
2020) and COVID-19 (March 2020-Jan-
uary 2021). They found 16,234 patients 
who completed at least 1 visit during  
the observation period. Before the be- 
ginning of civil unrest, only 2% of peo- 
ple with HIV elected to receive non-
clinic-based services. During the period 
of civil unrest, 15% received nonclinic 
visits, and during the COVID-19 pan-
demic, 30% received nonclinic visits, 
with the vast majority of nonclinic vis-
its in both timeframes occurring at the 
community distribution points. During 
the COVID-19 pandemic, 18.9% of pa- 
tients received care solely from non- 
clinic sites. Predictors of having 1 or 
more nonclinic visit included male 
sex, higher education and income, age 
younger than 18 years, longer duration 
on ART, nonsingle status, and living in 
a neighborhood on lockdown during 
the time of civil unrest. Although more 
data on HIV care outcomes would be 
helpful to determine the efficacy of this 
intervention, these data demonstrate 
that many patients chose nonclinic-
based services during times when 
continuity of care was jeopardized. 

Harris and colleagues reported HIV 
care cascade data before and during 
the COVID-19 pandemic in 11 African 
countries and across 1059 HIV care 
sites (Abstract 186). The investigators 
examined care cascade data across 4 
quarters: Q1, October to December  
2019; Q2, January to March 2020; Q3, 
April to June 2020; and Q4, July to 

September 2020. The number of indi-
viduals receiving an HIV test declined 
at most sites between Q2 and Q3 
but increased overall from 20,525 to 
23,478 across all sites with a stable 4% 
positivity rate. Similarly, ART initiation 
also declined between Q2 and Q3 but  
showed an overall increase from 23,169 
to 24,665 between Q1 and Q4. The 
proportion of individuals receiving 3 or 
more months of ART increased from 
51% in Q1 to 80% in Q4. The num-
ber of participants currently on ART 
increased in each quarter, as did the 
percentage of individuals achieving vi-
rologic suppression (87.5% in Q1 and 
90.1% in Q4), which improved as ac- 
cess to viral load testing expanded. 
These findings are encouraging and 
suggest that, although HIV testing and 
ART initiation were impacted early on 
by the COVID-19 pandemic, these care 
metrics rebounded quickly. A dramatic 
increase in multimonth prescription  
delivery did not appear to impact the 
number of individuals on ART or achiev- 
ing viral suppression, which improved 
throughout the pandemic. 

Fernandez and colleagues used the  
President’s Emergency Plan for AIDS 
Relief (PEPFAR) monitoring and eval- 
uation data across 18 countries in sub- 
Saharan African to estimate the pro-
portion of interruptions in treatment 
in 2 timeframes: before COVID-19 Q1, 
October to December 2019, and dur-
ing COVID-19 Q3, April to June 2020 
(Abstract 738). They found that the 
proportion of potential interruptions 
in ART was similar before and during 
COVID: 4.9% in Q1 before COVID and 
5.3% in Q3 during the pandemic. How-
ever, men were statistically more likely 
to have loss to follow-up for more than 
three months or death than women 
during the pandemic (Q3). 

Nasuuna and colleagues described 
interventions by the Infectious Disease 
Institute (IDI) to mitigate the impact 
of the COVID-19 pandemic on the 
215,427 people with HIV in Kampala,  
Uganda (Abstract 729). During the 
nationwide lockdown from March to  
June 2020, IDI contacted people with 
HIV by phone to support ART delivery 
and offer services to ensure continu-
ity of ART, including home or specified  

community point delivery of ART, 
transfer of ART to the facility near-
est to them, and pickup of ART by a 
nonpatient designee. IDI also provided  
transportation for their health care 
workers to and from IDI facilities to 
ensure that care facilities remained 
open. Of those in care, 55% missed 
an appointment during the lockdown. 
However, 95.3% received an ART refill 
through the mechanisms described 
above, including 25% receiving mul-
timonth refills. Refills were received 
at their usual facility for the majority 
(86%) of patients, in the community 
for 8%, and outside of the region for 
5%. These data imply that, although 
in-person care was impacted by the 
lockdown in Uganda, the vast majority 
of patients still had access to ART. 

Finally, Lee and colleagues shared 
novel data on the impact of HIV status 
on those hospitalized with COVID-19 
(Abstract 142). The investigators con-
ducted a matched, retrospective study 
comparing outcomes of hospitalized 
people with HIV and COVID-19 with 
those hospitalized with COVID-19 but 
not with HIV. Prior data from national 
datasets in the United Kingdom sug-
gest that people with HIV hospitalized 
with COVID-19 may have an increased 
risk of mortality, but studies may have 
been limited by lack of HIV-related data 
and inability to match for known con-
founders. This investigation included 
data from 6 hospital trusts across Eng-
land from February to May 2020 and 
matched 69 hospitalized people with 
HIV and COVID-19 with 181 people hos-
pitalized with COVID-19 without HIV 
by hospital site, COVID-19 test date, 
age, sex, and the index of multiple de-
privation decile, a countrywide metric 
that can act as surrogate for socioeco-
nomic deprivation. Primary outcomes 
were time from COVID-19 diagnosis 
to improvement from baseline by 2 
or more points on an ordinal clinical  
ranking scale or to discharge from the 
hospital. The investigators found that 
people with HIV had a hazard ratio 
(HR) of 0.57 (95% CI, 0.39-0.85) for 
the primary outcome compared with 
matched controls without HIV. How-
ever, the effect size was attenuated 
after adjustment, with baseline frailty 
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and malignancy being predictors of 
poor outcomes among people with HIV. 
In a secondary analysis, proportion of 
death or requirement for mechanical  
ventilation did not differ between peo-
ple with HIV and the matched control 
group. Although the investigators noted 
these data were gathered early in the 
COVID-19 pandemic, before more wide- 
spread use of COVID-19–specific thera-
pies for hospitalized patients such as 
dexamethasone or remdesivir, their 
findings suggest that underlying co-
morbidities, rather than HIV itself, may 
be the primary driver of poor outcomes 
for people with HIV and COVID-19.

Insights From ART Through 
Observational Studies

Arribas presented an overview of the 
paradigm shift from triple-drug ART to 
the more varied ART options available 
today (Abstract 45). They reviewed 
earlier meta-analyses, looking at tri-
ple therapy versus dual therapy, dual 
therapy versus monotherapy, and then 
explored clinical trials such as GEMINI 
(Genomic Medicine for Ill Neonates and 
Infants). They also reviewed the data 
behind the question of dual therapy in 
treatment-naive patients and concerns 
about drug resistance, as well as dual 
therapy as a maintenance regimen. 
Finally, they reviewed the long-acting 
options for dual therapy. 

Observational studies can provide 
valuable real-life data and longitudi-
nal lessons about ART. Burgos-Cibrian 
and colleagues from Spain presented 
an analysis of a multicenter prospec-
tive cohort of more than 900 patients 
with propensity matching, looking at 
the outcomes of people with advanced 
HIV and AIDS (Abstract 405). They in- 
cluded ART-naive individuals with ad-
vanced HIV or AIDS (defined as CD4+ 
cell count <200/µL or diagnosis of an 
AIDS-defining illness) who started ART 
with a 2 nRTI backbone regimen and a  
third drug. Primary outcome was mor- 
tality at 3 years, with secondary out-
comes of virologic effectiveness (HIV 
RNA level ≤200 copies/mL) and im- 
mune reconstitution (CD4+ cell count  
 >350/µL). A plurality of patients was on  
protease inhibitor (PI)-based regimens 

(44.9%), followed by nonnucleoside re- 
verse transcriptase inhibitor (NNRTI)- 
based regimens (29.6%) and InSTI-
based regimens (25.6%). Median CD4+  
cell count of studied patients was 101/
µL at baseline, and more than 30% of 
participants were classified with AIDS-
defining illness. Median follow-up was 
5 years, with 5695 person-years of 
follow-up. Mortality rates at 3 years 
trended numerically lower for individu-
als on InSTI-based regimens (2.6% at 3 
years) than on NNRTI-based regimens 
(4%) or PI-based regimens (6.1%), but 
was not statistically significant. In those  
with an AIDS-defining illness, this trend 
was more marked, with a 5.8% mor-
tality rate for those on InSTI-based 
regimens, 9.1% for those on NNRTI-
based regimens, and 14.6% for those 
on PI-based regimens. InSTI-based reg- 
imens trended towards decreased as- 
sociation with mortality (HR, 0.53; 
95% CI, 0.25-1.14). Individuals on In-
STI-based regimens also reached the 
end-points of virologic suppression 
and immune reconstitution faster than 
those on NNRTI- or PI-based regimens.  

Mounzer and colleagues (Abstract  
406) presented data from a longitudi- 
nal OPERA (Observational Pharmaco-
Epidemiology Research & Analysis) 
cohort of 961 treatment-naive people 
with advanced HIV (CD4+ cell count 
<200/µL) on 3-drug regimens. The in- 
vestigators compared effectiveness of  
various 3-drug regimens and examined 
outcomes such as virologic suppres- 
sion (HIV RNA level <50 copies/mL)  
and treatment discontinuation. Most 
patients were taking bictegravir/teno-
fovir alafenamide/emtricitabine (n= 
416), followed by dolutegravir (n=271), 
cobicistat-boosted elvitegravir (n=168), 
and boosted darunavir (n=106). Par-
ticipants taking bictegravir/tenofovir 
alafenamide/emtricitabine were less 
likely to discontinue treatment. Of the 
cohort, 70% achieved immune recon-
stitution (CD4+ cell count 200/µL), but 
there was no difference in immune  
reconstitution among 3-drug regimens  
(P=.52). Participants taking bictegravir/
tenofovir alafenamide/emtricitabine 
were numerically more likely to be vi-
rologically suppressed (HIV RNA level 
<200 copies/mL) than those taking 

boosted darunavir, but there was no sta-
tistically significant difference between 
bictegravir/tenofovir alafenamide/em- 
tricitabine and dolutegravir- or cobi-
cistat-boosted elvitegravir-containing 
regimens. 

Nandakumar and colleagues as-
sessed the incidence of viral load blips 
in individuals taking dolutegravir- or 
efavirenz-based regimens in Thailand 
(Abstract 407). They enrolled partici-
pants with acute HIV infection and 
measured viral loads at weeks 2, 4, 8, 
12, and then every 12 weeks. Viral blip 
was defined as that which occurred in  
a participant who had achieved viral  
suppression who subsequently had an  
HIV RNA level of 20 copies/mL or above, 
followed by an undetectable viral load. 
Of the 324 participants, 280 were tak-
ing an efavirenz-based regimen, and 44 
were taking a dolutegravir-based regi-
men. Overall incidence of viral blips 
was 11.5 per 100 person-years, with no 
difference in incidence between the  
dolutegravir or efavirenz groups. The 
dolutegravir group had a higher over-
all rate of viral blips, but this was not 
statistically significant, and the range  
of viral blips was higher in the dolute- 
gravir group. However, the study au-
thors noted that the median time to 
viral suppression was much shorter in 
the dolutegravir group (8 weeks) than 
the efavirenz group (23 weeks), which 
could have led to longer time to de-
velop blips, explaining the higher rate 
of blips in the dolutegravir group. 

Colby and colleagues used ultrasen-
sitive assays to see if residual viremia 
in the presence of undetectable viral 
load on commercial testing (reflective 
of the presence of HIV from reservoirs) 
was present in people with acute HIV 
infection who initiated ART in Thai-
land (Abstract 408). The investigators 
enrolled participants who were diag-
nosed with acute HIV infection who 
initiated ART immediately and were 
virally suppressed at weeks 24 and 
48. Most participants were taking an 
efavirenz-based regimen (73%), and 
26.5% were taking an InSTI-based reg- 
imen; the median CD4+ cell count at 
diagnosis was 364/µL. A majority of the 
participants had detectable viremia on 
the ultrasensitive assay despite being 
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undetectable on a commercial assay. 
Those with high viral load at baseline 
(HIV RNA level  >6 log10 copies/mL), 
advanced HIV disease at diagnosis, 
and longer time to viral suppression 
(>16 weeks) were more likely to have 
detectable viremia by ultrasensitive as- 
say (P values <.001, <.001, and .003, 
respectively). 

Ma and colleagues presented data 
on the entire Centers for AIDS Research 
(CFAR) Network of Integrated Clinical 
Systems (CNICS) cohort from January 
2018 to December 2019 and exam-
ined ART regimen by class (Abstract 
409). This cohort consisted of nearly 
15,000 people: 96% were on ART, 61% 
were nonwhite race, and 55% were 
MSM. InSTI-based regimen comprised 
the majority of ART in use (72%); 39% 
of participants on InSTI-based regi-
mens were on a bictegravir-containing 
regimen, and 37% were on a dolute-
gravir-containing regimen, and 69% 
of participants were on a tenofovir alaf-
enamide-containing regimen. There 
were 458 treatment-naive individuals 
initiating ART, 93% on an InSTI-based 
regimen (73% bictegravir based, 23% 
dolutegravir based). Overall, this shows 
the national trends of InSTI-based regi-
mens being the most used and the 
use of tenofovir alafenamide instead of 
tenofovir disoproxil fumarate in most 
regimens.

Davy-Mendez and colleagues ex-
amined the (CNICS) cohort and rates  
of virologic failure (HIV RNA level >200  
copies/mL after 24 weeks of ART) in 
patients initiating ART and categorized 
these failures into 5 separate scenarios 
(Abstract 410). Of participants, 33%  
were started on an InSTI-based regi- 
men, 37% on an NNRTI-based regimen,  
and 21% on a boosted PI-based regi- 
men. The overall rates of virologic fail- 
ure in the cohort were 21.5% at 2 years  
and 37.4% at 8 years. Higher rates of  
virologic failure were associated with  
female sex (subdistribution HR [sHR], 
1.3), black race (sHR, 1.45), and lower 
baseline CD4+ cell count (P<.05 for 
all mentioned variables). Patients on a 
NNRTI-based regimen had a statis- 
tically significant higher risk of viro- 
logic failure leading to an ART-regimen 
switch than those on an InSTI-based  

regimen (sHR, 2.48; 95% CI, 1.51-4.09). 
Davy-Mendez and colleagues then pre- 
sented data from the same cohort on 
use of second ART, which was de-
fined as a new ART agent more than 8 
months after ART initiation in indi-
viduals with an HIV RNA level above 
200 copies/mL (Abstract 411). The rate 
of overall virologic failure in these indi-
viduals was quite high at 48.9%. The 
majority of participants were switched 
to an InSTI-based regimen, followed by 
a PI-based regimen. There was no sig-
nificant difference in time to virologic 
failure based on ART class. 

HIV Resistance 

Resistance Patterns of Existing 
Agents

Krystal presented data from a study 
of resistance patterns to temsavir, the 
active agent of the HIV-1 attachment 
inhibitor fostemsavir, along with ibali- 
zumab and maraviroc, given the com- 
mon involvement of envelope glyco-
protein gp120 in their activity (Abstract 
422). The investigators examined enve-
lope structures from participants who  
experienced virologic failure in the 
BRIGHTE (Fostemsavir in Adults with 
Multidrug-Resistant HIV-1 Infection5) 
trial and did not find any cross-resis- 
tance between fostemsavir and ibali- 
zumab, suggesting there is no overlap 
in resistance patterns. The investigators 
also examined envelope sequences6 
from participants in the MOTIVATE 
(Maraviroc for Previously Treated Pa-
tients with R5 HIV-1 Infection) trial. 
Maraviroc samples still retained sus-
ceptibility to temsavir, and a majority 
of participants whose treatment with 
maraviroc failed had virologic success 
(a >1 log10 copy/mL decrease in viral 
load) with fostemsavir. From these 
samples, the investigators inferred 
there is no correlation between resis-
tance to maraviroc and ibalizumab and 
resistance to temsavir. 

Hikichi and colleagues reported on 
mutations in env (gp41) and resistance  
to ART (Abstract 424). The investiga-
tors previously showed that HIV can 
develop env mutations that can confer  
resistance to dolutegravir. They ob- 

served mutant variants with env mu-
tations emerging in primary isolates 
independent of drug class, and some 
of these mutations conferred broad 
resistance to multiple ART classes, in-
cluding InSTIs, nRTIs, NNRTIs, and PIs. 
Their experiments also suggested that 
these mutations are able to overcome 
ART by increasing viral cell-to-cell trans- 
mission. The investigators also exam- 
ined isolates of individuals whose ralte-
gravir-containing regimens failed and  
found env mutations similar to ob-
served env mutations in their prior 
experiments in the absence of any spe-
cific integrase mutations. This raises 
the possibility of viral mutations that 
can confer resistance outside of spe-
cific drug-resistance mutations (DRMs). 

Santoro and colleagues examined 
the importance of M184V on virologic 
success in a retrospective study that 
included participants who were virally 
suppressed (HIV RNA level ≤50 copies/
mL) with a prior genotype and were  
switched to lamivudine/dolutegravir 
(Abstract 429). Median time to viro- 
logic suppression was 5.4 years, and 
median number of prior virologic fail-
ures was 0. This cohort had a rate of 
6.9% prevalence of prior M184V (37 
of 533 individuals); the median time of 
most recent M184V before the switch 
was 11 years. The investigators did not 
find a statistically significant increase 
in virologic failure in participants with 
M184V compared with those without 
M184V, but they did observe a numeri-
cal increase: 5.4% virologic failure in 
the group with M184V versus 2.6% in 
the group without M184V at 1 year, and 
9.2% versus 4.4% at 2 years in these 
groups, respectively (P=.345). When  
groups were stratified by M184V de- 
tected 5 or fewer years, M184V detect- 
ed more than 5 years before the switch, 
and no M184V, the investigators found 
there was a statistically significant in-
crease in virologic failure, with 20%, 
0%, and 2.6% at 1 year, respectively, 
and 20%, 5%, and 4.4% at 2 years, 
respectively (P=.007). Although the 
probability of virologic failure was not 
an increased difference after switching 
to lamivudine/dolutegravir, despite the 
presence of M184V, the numerical in-
crease is concerning, and the recent 
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presence of M184V within the last 5 
years appears to lead to a statistically 
higher rate of virologic failure. Despite 
this study’s limitations (small sample  
size and retrospective design), it should  
give pause to those considering a switch 
to lamivudine/dolutegravir in the pres-
ence of prior M184V detection. 

The question of transmitted drug 
resistance (TDR) and its role in the 
use of bictegravir/emtricitabine/te-
nofovir alafenamide was studied by 
Acosta and colleagues (Abstract 430). 
They analyzed population sequenc-
ing and next-generation sequencing of 
individuals enrolled in Gilead studies 
1489 and 1490, 2 phase III random-
ized, double-blind, active-controlled 
studies comparing bictegravir/emtric- 
itabine/tenofovir alafenamide with do- 
lutegravir/abacavir/lamivudine and bic- 
tegravir/emtricitabine/tenofovir alafen-
amide with dolutegravir plus tenofovir  
alafenamide/emtricitabine, respectively. 
Of note, patients with nRTI DRMs con- 
ferring resistance to tenofovir alafen-
amide, emtricitabine, lamivudine, or  
abacavir were excluded from this study. 
The rate of TDR prevalence was 19.5%; 
most prevalent were NNRTI mutations  
(14.1%) followed by PI mutations (3.5%), 
nRTI (2.7%), and InSTI (1.3%) muta-
tions. The investigators did not find a 
statistical difference in virologic suc-
cess by week 144 (98% in those with 
TDR vs 97% without TDR). One par-
ticipant had Q148H plus G140S and 
K70R and K103N but was virally sup-
pressed at week 4 through week 144 
on bictegravir/emtricitabine/tenofovir 
alafenamide. Participants who were 
not virologically suppressed (HIV RNA 
level ≥200 copies/mL, or did not resup-
press to <50 copies/mL) underwent 
resistance testing; no emerging resis-
tance was observed to emtricitabine, 
lamivudine, tenofovir alafenamide, 
abacavir, bictegravir, or dolutegravir. 

Brown and colleagues presented da- 
ta from the SESOTHO trial supporting  
the switch to second-line ART for indi- 
viduals with low-level viremia (HIV RNA  
level 100-999 copies/mL) in Lesotho  
(Abstract 431). They found high rates 
of nRTI resistance (84%) and NNRTI 
resistance (86%) in their cohort. Addi-
tionally, 84% of these individuals had 

mutations that conferred high-level re- 
sistance to at least 2 drugs in their cur- 
rent ART regimen, and this persisted 
with 81% of individuals in the control 
group with resistance to at least 2 of 
their initial ART drugs. Given this in-
formation, the investigators suggest 
changing the viral threshold stated by 
the World Health Organization (WHO) 
as indication for a switch to alternate 
ART (currently HIV RNA level of 1000 
copies/mL).  

Cheung and colleagues conducted 
studies examining integrase mutations  
and confirmed that viruses with Q148H 
(which has a detrimental effect on vi- 
ral fitness) without an accompanying 
G140S were rendered unable to propa-
gate (Abstract 432). T97A, E138K, and  
G140S individual mutations conferred 
resistance to elvitegravir but not to oth- 
er InSTIs. G140S plus Q148H conferred 
complete resistance to raltegravir and 
elvitegravir, and reduced activity of bic- 
tegravir, cabotegravir, and dolutegravir.  
Adding T97A to G140S plus Q148H con- 
ferred significant resistance to dolute- 
gravir (>100-fold reduction), cabote- 
gravir (>100-fold reduction), and bicte- 
gravir (47.7-fold reduction); E138K with 
G140S plus Q148H conferred some 
resistance to bictegravir, cabotegravir, 
and dolutegravir. All 4 mutations to- 
gether (T97A/E138K/G140S/Q148H) 
conferred complete resistance to all  
InSTIs. These experiments correlated  
with the resistance scores from Stan-
ford's HIV drug resistance database. 

Resistance Patterns in PrEP
Chohan and colleagues examined   
emerging HIV drug mutations in peo-
ple who seroconverted while taking 
preexposure prophylaxis (PrEP) in Ken- 
ya through a national protocol (Ab- 
stract 427). The investigators reported 
67 seroconversions from a population 
of approximately 25,000 people on 
PrEP, 11 (20%) of whom were noted 
within 6 weeks of starting PrEP. Geno- 
typing was conducted on 30 samples, 
and none had K65R or K70E, 5 (17%) 
had M184V, and 9 (30%) had NNRTI 
mutations, such as K101E, K103N, 
V106I, G190A, and Y181C. This sug- 
gests the importance of monitoring 
for drug resistance in individuals who  

seroconvert while taking PrEP to en- 
sure they are on a virally active regimen. 

Cox and colleagues presented an 
ultrasensitive drug-resistance analysis 
from participants who seroconverted 
in the DISCOVER (Study to Evaluate the 
Safety and Efficacy of Emtricitabine 
and Tenofovir Alafenamide Fixed-Dose  
Combination Once Daily for Pre-Ex- 
posure Prophylaxis in Men and Trans-
gender Women Who Have Sex With 
Men and Are at Risk of HIV-1 Infec-
tion) trial,7 which studied the use of 
tenofovir alafenamide/emtricitabine or  
tenofovir disoproxil fumarate/emtric-
itabine for PrEP (Abstract 428). The 
investigators observed a rate of 0.5%, 
or 27 patients, who seroconverted 
while on PrEP. Genotyping and ultra-
sensitive analyses were conducted on 
the samples from participants with an  
HIV RNA level above 400 copies/mL; 4 
of 20 (20%) participants had M184V by 
population sequencing but were sus- 
pected to have HIV infection at base- 
line, all in the tenofovir disoproxil fu- 
marate group. With ultrasensitive test- 
ing, 1 additional participant had M184V 
in the tenofovir alafenamide group, 
with mutation present at the rate of 
2%. Likely transmitted DRMs were ob- 
served in participants taking InSTIs 
(T66A, E92G, Y143C, Q148R, N155H), 
PIs (M46I), and NNRTIs (V90I, B106I, 
K103N, Y188L). Most of the mutations 
seen were detected in patients with 
suspected HIV-1 infection at baseline. 

Resistan ce Patterns of Novel Agents
Diamond and colleagues presented 
the resistance profile of MK-8507, an 
investigational once-weekly NNRTI cur- 
rently being studied using in vitro as-
says (Abstract 129). This new agent is 
planned to be combined with islatra-
vir, a nucleoside reverse transcriptase 
translocation inhibitor (NRTTI). In re- 
sistance studies, the most common 
mutation observed was V106A with 
subtype B in combination with other 
NNRTI DRMs. Virus strains with mu- 
tations resulting from selective pres- 
sure experiments were not commonly 
found in the general population (<2% 
prevalence). MK-8507 appears to have 
a similar potency and resistance pro-
file to doravirine and rilpivirine but a 
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superior profile to efavirenz, maintain-
ing activity against K103N, Y181C, and 
G190A, making it an attractive future 
once-weekly NNRTI option. 

Bester and colleagues studied struc- 
tural changes in HIV leading to resis- 
tance to lenacapavir (GS-6207). Lena-
capavir is a long-acting HIV-1 capsid 
inhibitor currently in development (Ab- 
stract 420). Prior assays have deter-
mined capsid inhibitor mutations at 
M66I, Q67H, and N74D. The authors  
examined the structure, determining  
that these mutations inhibit the bind- 
ing of GS-6207 by 3 different mecha-
nisms causing interference at structural 
sites. The investigators hope to then 
provide the basis for developing cap-
sid inhibitors that can escape these 
mechanisms. 

VanderVeen presented data from a 
study on the effect of the above mu-
tations of lenacapavir on HIV-1 viral 
replication (Abstract 128). The inves- 
tigators performed single- and multi- 
cycle assays, examining susceptibility 
of mutant viruses to lenacapavir, and 
isolated 7 mutations in the presence of 
lenacapavir. These were not found in  
individuals naive to lenacapavir. M66I 
most greatly decreased susceptibility to  
lenacapavir, with a greater than 2000-
fold reduction, but retained only 1.5% 
of the replication capacity of wild-type  
virus. Q67H, which decreased suscep-
tibility to lenacapavir by 4.6-fold, re- 
tained 58% of the replication capacity 
of wild-type virus. This phenotype was 
consistent in multiple replications and 
multicycle assays. In multicycle assays, 
M66I and M66I plus Q67H mutant  
viruses were not detected, meaning  
they had no measurable infectivity. Le- 
nacapavir retained full activity in treat- 
ment-naive individuals and in indi-
viduals with DRMs to PIs. Conversely, 
those with mutations to lenacapavir  
still retained susceptibility to PIs. Ulti- 
mately, mutations conferring the great- 
est resistance to lenacapavir led to 
mutant virus that was most impaired 
in terms of replication capacity. 

Jeffrey and colleagues examined 
the resistance profile of GSK3640254 
(GSK’254), a maturation inhibitor cur- 
rently in development and phase IIb 
evaluation. Prior maturation inhibitors 

are rendered ineffective with muta-
tions in gag, particularly V362I and 
369 to 370 (Abstract 421). The inves-
tigators compared activity of GSK’254 
against mutant viruses to that of a pri- 
or maturation inhibitor, GSK2141795 
(GSK'795). They observed increased po- 
tency of GSK’254 compared with GSK’ 
795. Viruses with gag mutations V362I, 
V370A, or R286K/V370A were equally 
inhibited by GSK’254 as wild-type virus 
strains and able to inhibit p25 cleavage 
in Gag protein in mutant viruses com-
pared with wild-type. GSK’254 was less 
potent against viruses with A364V, and 
its ability to inhibit p25 cleavage in Gag 
was reduced by 10-fold. 

Advances in Resistance Testing With 
Clinical Relevance

Li and colleagues presented data on 
DRMs in HIV proviral assays (Abstract 
437). They found that defective provi-
ral sequences are less sensitive because 
they have increased DRMs, specifi-
cally hypermutations. Hypermutated 
sequences have early stop codons, so 
they do not get translated into protein 
and, therefore, become defective and 
do not contribute to treatment failure. 
For future effective proviral drug resis-
tance interpretations, hypermutations 
need to be removed; otherwise, they 
are overly sensitive for nonclinically 
significant mutations. D’Antoni and  
colleagues presented data showing the 
variability of genotyping from mul-
tiple blood draws (Abstract 438). They 
found a mean reproducibility of 80% 
with standard deviation of 25%, which 
highlights variability in genotyping as-
says to reliably detect mutations.

ART in Children and Women  
With HIV

In a plenary lecture (Abstract 47), Arch- 
ary provided an overview of ART drugs 
in treatment and prophylaxis of HIV in 
neonates and infants. Data on safety, 
dosing, and formulations of antiret- 
roviral drugs in this age group are lim- 
ited, particularly among neonates and 
preterm neonates. The speaker em- 
phasized the importance of ART sim- 
plification and optimization, such as 
use of fixed-dose combinations and 

aligning neonatal and infant ART with 
childhood ART regimens. He also dis-
cussed the future landscape of ART for 
this age group, including new drugs 
such as islatravir and doravirine, with 
long-acting formulations and novel de-
livery mechanisms, such as bNAbs and 
long-acting injectable drugs that are 
in the pipeline.

In Abstract 174, Turkova present- 
ed results of the ODYSSEY (PENTA 20) 
trial, a multisite randomized noninfer- 
iority trial comparing efficacy and safe 
ty of dolutegravir plus 2 nRTIs (n= 
350) with standard of care (n=357) 
in 707 children initiating first- or sec-
ond-line ART in sub-Saharan Africa, 
Thailand, and Europe (Abstract 174). 
Children younger than 18 years and 
weighing at least 14 kg were enrolled 
and followed-up longitudinally, with a 
median follow-up period of 142 weeks. 
The primary outcome was a compos-
ite endpoint of time to virologic failure 
(defined as lack of virologic response, 
<1 log10 copies/mL decrease at week 
24, HIV RNA level ≥400 copies/mL at 
2 timepoints after week 36) or clinical 
failure (death from any cause or any 
new or recurrent WHO grade 3 or 4 
adverse event) by 96 weeks. The age 
of the children ranged from 2.9 to 18 
years, with a median age of 12.2 years. 
Almost one-quarter (22%) of the chil-
dren had a baseline CD4+ cell count of 
less than 200/µL. Among children in 
the standard of care arm, 311 initiated 
ART (92% receiving efavirenz) and 
396 children received second-line ART 
(72% receiving lopinavir/ritonavir and  
25% receiving atazanavir/ritonavir).  
Fewer children in the dolutegravir arm 
(n=48; 14%) met the composite out- 
come of treatment failure by 96 weeks, 
than those in the standard of care 
arm (n=75; 22%), with a difference 
of −7.7% (95% CI, −13.2-[−2.3]; P= 
.006). Furthermore, 40 children in the  
dolutegravir arm and 67 children in 
the standard of care arm experienced 
virologic failure; 8 children in each 
arm experienced WHO grade 3 or 4 
adverse events or death. There was 
no statistically significant difference 
in treatment effects between children 
initiating first- and second-line ART or 
by sex, weight, age, or baseline CD4+ 
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cell count or viral load. Fewer children  
assigned to the dolutegravir arm (n= 
13; 4%) than to the standard of care 
arm (n=32; 9%) changed ART regimen 
during the follow-up period (P=.004); 
2 in the dolutegravir arm and 21 in 
the standard of care arm changed ART 
because of treatment failure. The pro-
portion of children with an HIV RNA 
level below 50 copies/mL and changes 
in CD4+ cell count and CD4 percentage 
from baseline at 48 and 96 weeks was 
similar across both arms. There were 
no statistically significant differences in 
serious adverse events between the 2 
arms. At 96 weeks, weight, height, and 
body mass index measurements were 
slightly higher in children receiving 
dolutegravir than in those receiving 
standard of care, whereas mean change 
in total cholesterol, specifically low-
density lipoprotein cholesterol level, 
was lower in those receiving dolute-
gravir (−5 mg/dL; 95% CI, −8-[−2]) than 
in those receiving standard of care (10 
mg/dL; 95% CI, 7-13) (P<.001). The 
investigators concluded that dolutegra-
vir-based ART was superior to standard 
NNRTI- and PI-based ART in children 
and adolescents taking first- or second-
line ART, with lower treatment failure 
by 96 weeks and no safety concerns 
in those receiving dolutegravir. These 
findings support updated WHO recom-
mendations of dolutegravir-based ART 
as the preferred regimen for children 
weighing at least 14 kg who are starting 
first- or second-line ART.

Similar findings were noted in a 
study conducted among 2245 chil-
dren and adolescents with HIV aged 18 
years or younger (median age, 8 years) 
in Lusaka, Zambia (Abstract 600). Chil-
dren who received dolutegravir-based 
regimens had significantly lower odds  
of having viremia (HIV RNA level >1000 
copies/mL) than those who received 
NNRTI- or PI-containing ART (OR, 0.15;  
P<.001). 

Malaba and colleagues presented 
final results from the DolPHIN-2 (Do-
lutegravir versus Efavirenz in Women 
Starting HIV Therapy in Late Pregnancy) 
randomized, open-label trial that com- 
pared 268 pregnant, previously un- 
treated women with HIV initiating do- 
lutegravir- or efavirenz-based ART (with  

a 2-nRTI backbone) in their third tri-
mester to 72 weeks postpartum in 
South Africa and Uganda (Abstract 175).  
Previously, dolutegravir-based ART was 
reported to be associated with superior 
virologic suppression over efavirenz-
based ART in the first 26 weeks and at 
delivery. In the intent-to-treat cohort 
of 250 women (125 in each arm), at 72 
weeks from randomization 116 (92.8%) 
women receiving dolutegravir-based 
ART experienced significantly more 
rapid viral suppression (HIV RNA level 
<50 copies/mL) than women receiv-
ing efavirenz-based ART (median time 
to viral suppression was 4-14 weeks 
[IQR, 4.00-5.14] and 12-14 weeks [IQR,  
10.71-13.29], respectively; aHR, 1.93;  
95% CI, 1.47-2.53). Virologic failure, de- 
fined as failure to achieve an HIV RNA 
level below 50 copies/mL by 24 weeks 
postpartum or virologic response with 
2 subsequent HIV RNA levels above 
1000 copies/mL, was found in 3 (2.4%) 
women in the dolutegravir arm and 8  
(6.4%) women in the efavirenz arm. 
Both regimens were safe and well tol-
erated. Specifically, 2.2% of women 
experienced drug-related serious ad-
verse events in the dolutegravir arm 
and 3.8% in the efavirenz arm; no 
infant drug-related serious adverse 
events were reported across both 
arms. In total, HIV infection was de-
tected in 4 infants, with 3 in utero 
transmissions in the dolutegravir arm 
and 1 postpartum transmission in the 
efavirenz arm despite maternal viral 
suppression from delivery and serial 
negative tests in the infant, raising 
the concern for potential transmis-
sion during breastfeeding despite viral 
suppression.

Further results from the IMPAACT 
(International Maternal Pediatric Ado-
lescent AIDS Clinical Trials Network) 
2010 trial were presented (Abstracts 
176 and 177). IMPAACT 2010 is a ran-
domized, open-label trial conducted in  
643 ART-naive women with HIV in 9  
different countries who were randomly  
assigned at 14 to 28 weeks gestation  
to start to 1 of 3 regimens: dolutegravir  
plus emtricitabine/tenofovir alafen- 
amide fumarate (n=217), dolutegravir 
plus emtricitabine/tenofovir disoproxil 
fumarate (n=215), or efavirenz/emtri- 

citabine/tenofovir disoproxil fumarate  
(n=211). Overall, the median age of the 
women in the trial was 26.6 years, the 
baseline median CD4+ cell count was 
466/µL, and the baseline median HIV 
RNA level was 903 copies/mL.

Suboptimal and excessive gesta-
tional weight gain during pregnancy 
are associated with adverse pregnancy 
outcomes,8 with low weight gain asso-
ciated with increased risk of maternal 
and perinatal death, and excessive 
weight gain associated with severe ad-
verse birth outcomes. Previous reports 
have noted that dolutegravir-contain-
ing ART, particularly in combination 
with tenofovir alafenamide, leads to 
significant weight gain in pregnant and  
nonpregnant women,9 and efavirenz-  
and tenofovir disoproxil fumarate-con-
taining ART are associated with low 
weight gain during pregnancy.10 

Hoffman and colleagues conducted 
secondary analyses of the IMPAACT  
2010 study data to assess the associa-
tion between antepartum weight gain 
and adverse pregnancy outcomes by 
different ART regimens (Abstract 176). 
Average weekly weight gain was lowest 
among women taking efavirenz/teno- 
fovir disoproxil/emtricitabine/fumarate 
(0.291 kg), followed by dolutegravir 
plus tenofovir alafenamide/emtricita- 
bine (0.378 kg) and dolutegravir plus 
tenofovir disoproxil fumarate/emtric- 
itabine (0.319 kg) (P<.001). Higher av- 
erage weight gain was significantly as- 
sociated with a lower risk of any ad-
verse pregnancy outcome across the 3  
treatment arms (HR, 0.50; 95% CI, 0.25- 
0.97; P=.04). However, low weight gain,  
but not high weight gain, was asso- 
ciated with adverse pregnancy out- 
comes. The highest weight gain was 
reported in women receiving dolute-
gravir plus tenofovir alafenamide/em- 
tricitabine (12.7%), followed by dolute- 
gravir plus tenofovir disoproxil fum- 
arate/emtricitabine (9.95%) and efa-
virenz/tenofovir disoproxil fumarate/
emtricitabine (6.3%). The lowest weight 
gain was noted in women receiving 
efavirenz/tenofovir disoproxil fumarate/ 
emtricitabine (30.0%), compared with  
dolutegravir plus tenofovir alafenamide/ 
emtricitabine (15.0%) and dolutegravir 
plus tenofovir disoproxil fumarate/em-
tricitabine (23.6%).
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Chinula and colleagues presented fi- 
nal results from the IMPAACT 2010 trial  
(Abstract 177). No significant differences  
through 50 weeks postpartum of ma- 
ternal or infant grade 3 or greater ad- 
verse events were reported among the 
3 arms. Adverse pregnancy outcome 
was lowest in women receiving do-
lutegravir plus tenofovir alafenamide/
emtricitabine. Infant mortality was sig- 
nificantly higher in those whose moth- 
ers received efavirenz/tenofovir diso- 
proxil fumarate/emtricitabine (6.9%) 
than those who received dolutegravir- 
based regimens (2.0%; P=.008). Ma-
ternal HIV viral suppression (HIV RNA 
level <200 copies/mL) at 50 weeks 
postpartum was similarly high across 
the 3 arms, with 96.3% in the combined 
dolutegravir arms and 96.4% in the efa-
virenz arm. Virologic failure (having 2 
consecutive HIV RNA levels of 200 cop-
ies/mL or higher, at or after 24 weeks 
after enrollment) was significantly high- 
er in the efavirenz-based arm (10.4%) 
than in the dolutegravir-based arms 
(4.1% for dolutegravir + tenofovir diso-
proxil fumarate/emtricitabine; 5.1% for 
dolutegravir + tenofovir alafenamide/
emtricitabine; P=.012). ART interrup-
tions and changes in regimen as a  
result of virologic failure or drug resis-
tance were more frequent in women 
receiving efavirenz-based ART. HIV in-
fection occurred in 4 infants who had 
been breastfed and received antiret-
roviral prophylaxis, with 2 infections 
in the dolutegravir plus tenofovir alaf-
enamide/emtricitabine arm, 1 in the 
dolutegravir plus tenofovir disoproxil 
fumarate/emtricitabine arm, and 1 in 
the efavirenz/tenofovir disoproxil fu-
marate/emtricitabine arm. These study 
findings provide support for the use of 
dolutegravir and tenofovir alafenamide 
in treating women with HIV during 
pregnancy and postpartum. 

Pharmacokinetic, safety, and viro-
logic efficacy data of doravirine, a novel 
NNRTI that has activity against wild-
type HIV-1 and variants with common 
NNRTI viral mutations such as K103N, 
Y181C, and G190A, were evaluated 
through 24 weeks in the open-label 
IMPAACT 2014 study among 45 ado-
lescents with HIV aged 12 to 18 years 
and weighing at least 45 kg (Abstract 

604). The once-daily fixed dose combi-
nation regimen consisted of doravirine 
100 mg/lamivudine 300 mg/tenofovir  
disoproxil fumarate 300 mg. The regi-
men was found to be safe and well 
tolerated through 24 weeks. In children 
who were virally suppressed on stable 
ART, there were no virologic failures de-
tected, and viral suppression, defined 
as an HIV RNA level below 50 cop-
ies/mL, was high at 95.3% (95% CI,  
84.2-99.4). 

Broadly Neutralizing Antibodies 
for HIV Treatment in Children

The development of bNAbs, such as 
VRC01 and next-generation bNAbs, 
provides a potential novel approach for 
prevention and treatment of HIV-1 in-
fection, with their breadth and potency 
against diverse strains.11 The pharma-
cokinetics of bNAbs, which suppress 
HIV viral load and may deplete viral 
reservoirs in children, were discussed 
(Abstract 608). Yang and colleagues 
presented safety and pharmacokinetic 
data of intravenous VRC01LS (a bNAb 
variant of VRC01 directed against the 
CD4-binding site of the HIV-1 Env pro- 
tein with 2 amino acid changes in the  
Fc region that extends the serum half- 
life) and 10-1074 (a bNAb that targets  
the base of the V3 loop of HIV-1 gp120) 
administered as dual therapy every 
4 weeks to children with HIV who 
received early ART (from <7 days 
through ≥96 weeks of life) and had  
HIV RNA levels below 40 copies/mL for 
at least 24 weeks before enrollment 
(Abstract 609). The safety and toler-
ability profiles were favorable, with no 
infusion reactions, expedited adverse 
events, or grade 3 or 4 events related 
to dual bNAb administration reported 
through 32 weeks. The population half-
life was 38 days for VRC01LS (which is 
lower than the half-life of 71 days re-
ported in healthy adults) and 16 days 
for 10-1074. The investigators con-
cluded that dual intravenous infusions 
of VRC01LS and 10-1074 in children 
achieved concentrations similar to lev-
els seen in those who receive single 
bNAb infusions, with monthly dosing 
of VRC01LS at 15 mg/kg and 10-1074 
at 30 mg/kg reaching target steady 
state concentrations. 

Capparelli and colleagues described 
a composite population pharmaco- 
kinetic, 2-compartment model of VR- 
C01LS in 21 HIV-exposed infants and 
49 adults without HIV to help opti-
mize dosing of VRC01LS for use as HIV 
prophylaxis and treatment in infants 
(Abstract 608). The infants received 
a weight-adjusted dose (80 mg for 
weight <4.5 kg and 100 mg for weight 
≥4.5 kg) of VRC01LS subcutaneously 
within the first 4 days of life, with in-
fants who were breastfed receiving a 
second dose subcutaneously 12 weeks 
later. The adults received 1 or 3 doses 
of VRC01LS intravenously (range, 5-40  
mg/kg) or subcutaneously (5 mg/kg).  
The population pharmacokinetic mod- 
el showed slow elimination of VRC01LS 
in infants and adults, supporting a dos-
ing schedule of every 12 weeks. 

Pharmacokinetic Considerations 
for ART

Drug-Drug Interactions Between ART 
and Hormonal Contraceptives

Scarsi and colleagues presented the  
partial results of AIDS Clinical Trials  
Group (ACTG) protocol A5375, which is 
investigating drug-drug interactions be-
tween emergency contraceptives and  
ART (Abstract 91). Prior studies have 
shown that efavirenz reduces levonorg-
estrel concentrations by 56%. Some  
guidelines recommend doubling the 
dose of levonorgestrel, but this has not  
been examined in clinical trials. A5375  
enrolled women with HIV on efavirenz- 
based ART. Women were randomly as- 
signed to a standard dose (n=17) or  
double dose (n=35) of levonorgestrel. 
The crucial pharmacokinetic param-
eter for levonorgestrel effectiveness is 
not clear. Double-dose levonorgestrel 
increased various pharmacokinetic pa- 
rameters from 51% to 133% compared 
with standard dose, but the trough con- 
centrations and AUC measurements 
were generally lower than in historic  
controls without HIV. No safety con- 
cerns were identified. The investigat- 
ors concluded that these data support 
current recommendations for a dou- 
ble dose of levonorgestrel for wom- 
en on efavirenz.
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Nakalema and colleagues investi-
gated potential drug-drug interactions 
between rilpivirine-based ART and 
levonorgestrel or etonogestrel contra-
ceptive implants (Abstract 368). They 
enrolled women on efavirenz-based 
ART who transitioned to rilpivirine-
based ART and a historic control group 
of women with HIV not on ART re-
ceiving contraceptive implants. The 
investigators found that levonorgestrel 
and etonogestrel concentrations were 
16% to 29% higher among women re-
ceiving rilpivirine than historic controls. 
These differences were not thought to 
be clinically significant.

Pharmacokinetic Measures of 
Adherence

Several presentations reported on the 
use of drug concentrations in dried 
blood spots (DBSs), a longer-term mea- 
surement of adherence and drug ex-
posure, to predict viral outcomes of 
ART. Castillo-Mancilla and colleagues 
presented data from 433 participants 
receiving tenofovir disoproxil fuma-
rate/emtricitabine plus a third agent 
who provided 677 paired assessments 
of DBSs and plasma HIV RNA (Abstract 
92). The investigators prior work show- 
ed that tenofovir diphosphate concen-
trations in DBSs predicted HIV viremia. 
In this analysis, they found that em-
tricitabine triphosphate concentrations 
also predicted HIV viremia. 

Odayar and colleagues evaluated 
tenofovir diphosphate concentrations 
in DBSs obtained from postpartum 
women with HIV (Abstract 93). The 
investigators performed a nested case-
control study comparing women with 
detectable plasma HIV RNA (n=61) 
with those with persistent viral sup-
pression (n=20). A total of 365 paired 
DBSs and plasma HIV RNA measure-
ments were included. There was a clear  
dose response with lower tenofovir di- 
phosphate concentrations being associ-
ated with future viremia. This suggests 
that this assay could be used to identify 
women in need of intervention to pre-
vent viral rebound. 

Finally, Robbins and colleagues en- 
rolled 250 adults with HIV in South Af-
rica with documented ART adherence 

challenges (Abstract 398). The inves-
tigators collected monthly DBSs and 
plasma HIV RNA levels. There were 
21 participants who developed viral 
breakthrough; their tenofovir diphos-
phate concentrations in DBSs were 
consistent with fewer than 2 tenofovir 
doses per week, compared with 4 to 6 
doses per week for those with no viral 
breakthrough. The investigators iden-
tified a cutoff of 400 fmol/punch that 
predicted a 32-times greater odds of 
developing viral breakthrough 1 month 
later. Ongoing studies are using this ad-
herence biomarker to provide real-time 
feedback to clinicians and patients.

Several presentations investigated 
the use of urine assays to measure te- 
nofovir concentrations. The urine teno- 
fovir test assays for recent intake of 
tenofovir disoproxil fumarate as op- 
posed to DBS assays. Phillips and col- 
leagues evaluated a point-of-care urine 
tenofovir assay compared with ART ad- 
herence by self-report (Abstract 183). 
They found that the urine tenofovir 
assay was better able to predict ongo- 
ing viremia than did self-reported ad- 
herence. This could potentially iden-
tify individuals in need of adherence 
interventions. Sevenler and colleagues 
presented promising data on a new lat- 
eral flow assay that can provide semi-
quantitative results measuring urine 
tenofovir concentrations (Abstract 352). 
They studied people receiving tenofovir 
disoproxil fumarate and found a strong 
correlation between the assay readout 
and known tenofovir concentrations 
in urine samples. 

Niu and colleagues investigated as- 
say results as a function of time from 
last dose of tenofovir disoproxil fuma-
rate (Abstract 353). They found the 
semiquantitative result (using visual 
score) and the fully quantitative result 
(optical readings) were highly corre-
lated with the time since last dosing. 
They suggested that this could be a 
useful point-of-care measurement of 
recent tenofovir dosing. 

Spinelli and colleagues investigated 
the use of a urine tenofovir assay in 
individuals receiving tenofovir alafen- 
amide (Abstract 354). Plasma tenofovir 
levels are lower in individuals receiv-
ing tenofovir alafenamide than those  

receiving tenofovir disoproxil fumarate. 
The investigators used stored urine 
specimens from a study of participants 
receiving tenofovir alafenamide by 
directly observed therapies and identi-
fied an assay cutoff to reliably identify 
recent nonadherence while minimiz-
ing misclassifying adherent individuals 
as nonadherent. Investigators from the 
same group found that urine tenofovir 
levels were approximately 74% lower 
for individuals receiving tenofovir alaf-
enamide than those receiving tenofovir 
disoproxil fumarate (Abstract  355).

Gender-Affirming Hormonal 
Therapy in Adolescents

Yager and colleagues investigated the 
effects of daily use of tenofovir diso-
proxil fumarate/emtricitabine on the 
pharmacokinetics of gender-affirming 
hormonal therapy for young transgen-
der men and women (Abstract 366). 
The investigators found that hormonal 
pharmacokinetics were not altered by 
the addition of tenofovir disoproxil 
fumarate/emtricitabine, and study par-
ticipants maintained concentrations 
above target ranges recommended by 
the Endocrine Society. This provides re-
assuring data that tenofovir disoproxil 
fumarate/emtricitabine as PrEP will 
not adversely impact HIV-prevention 
efficacy. Additional analyses from this 
study found that receiving estradiol by 
intramuscular injection was associated 
with lower concentrations of tenofovir 
diphosphate and emtricitabine triphos-
phate in peripheral blood mononuclear 
cells than receiving estradiol orally (Ab-
stract 367). The mechanism for this 
difference was unclear. 

All cited abstracts appear in the 
CROI 2021 Abstract eBook,  
available online at  
www.CROIconference.org
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Hepatitis C Virus Elimination 

Hepatitis C virus (HCV) elimination was  
in the spotlight at this year’s Confer- 
ence on Retroviruses and Opportunis- 
tic Infections (CROI) with encouraging  
progress in some populations and set- 
backs due to reinfection add lack of ac- 
cess in others. The "Focus on the Liver" 
symposium (Symposium 11) included 
an overview of US and global HCV 
elimination progress. In an examina-
tion of the European HCV care cascade 
in people with HIV, the EuroSIDA co-
hort reported 90% ever tested for HCV 
antibody (Ab), with 24% with active 
infection by HCV RNA, with highest 
prevalence in Central Eastern Europe 
(45%) and Estonia (62%). Sixty-five per-
cent of those diagnosed had ever been 
treated, and 48% of those diagnosed 
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At the 2021 Conference on Retroviruses and Opportunistic Infections, there 
was a focus on progress toward hepatitis C virus (HCV) microelimination in 
geographic regions and targeted populations. HCV elimination is facilitated 
by well-tolerated, highly effective HCV treatment that requires essentially no 
on-treatment monitoring in most patients, as highlighted by the MINMON 
(Minimal Monitoring Study or A5360) study, and that should be increasingly 
available to children with new data supporting feasible treatment in younger 
patients. Challenges to HCV elimination include HCV reinfection via sexual ex- 
posure in men who have sex with men (MSM) and continued barriers to di-
agnosis and access to HCV treatment. Hepatitis B virus (HBV) suppression may  
take years in HIV/HBV-coinfected patients. This may have important conse- 
quences as the risk for hepatocellular carcinoma was associated in a dose-de-
pendent manner with HBV viral load and was lowest in those with sustained 
undetectable HBV, highlighting the need for HBV DNA monitoring during 
therapy. Public health programs should prioritize improving hepatitis A and 
hepatitis B vaccination in at-risk populations, including people with HIV, as 
vaccinations rates for these preventable diseases continue to be suboptimal in 
many settings. Fatty liver disease, heavy alcohol use, antiretroviral therapy, 
and COVID-19 infection were also examined as drivers of hepatic disease in 
HIV infection. 
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were cured. Access to HCV treatment 
varied widely by region, from a high 
of 87% of those infected with cura-
tive treatment in Austria down to 6.7%  
in Belarus. Although most European  
countries met the World Health Orga-
nization (WHO) goal of 90% diagnosis 
in people with HIV, no region exceeded 
80% HCV treatment in those diagnosed, 
indicating increased treatment access  
is needed to meet WHO 2030 elimina-
tion targets (Abstract 443). Of European 
Union countries, Spain has made some 
of the most substantial progress toward 
elimination in men who have sex with 
men (MSM). In a Spanish nationwide 
seroprevalence survey, HCV RNA posi-
tivity declined markedly from 22.1% 
in 2015 to 2.2% in 2019. This was at- 
tributed to widely available HCV treat-
ment since 2017 with high uptake, 

demonstrating the feasibility of elimi-
nation in a targeted population. Of 
note, nearly a quarter had HCV-asso-
ciated cirrhosis after curative therapy, 
highlighting the long-term sequelae 
that remain despite progress toward 
elimination (Abstract 441). 

This progress may be threatened by 
ongoing sexual transmission of HCV. A 
Spanish cohort reported a plateau in 
the decline of acute HCV infections in 

people with HIV; risk for new HCV

In a Spanish nationwide 
seroprevalence survey, 
HCV RNA positivity  
declined markedly from 
22.1% in 2015 to 2.2%  
in 2019

 in-
fection was significantly associated 
with chem-sex (incidence rate ratio 
[IRR], 4.9; P=.03) and previous sexu-
ally transmitted infections (IRR, 18.23; 
P=.01) (Abstract 445). Similarly, the 
German NoCo cohort (Cohort on HCV 
microelimination in MSM) reported no 
change in the incidence of new HCV 
infections an MSM cohort from 2014 
to 2019, despite widely available HCV 
treatment (Abstract 442). Ongoing HCV  
transmission was attributed to delays 
in HCV treatment initiation and health 
insurance constraints. This German co-
hort also reported an incidence rate for 
HCV reinfection of 19/100 person-years 
in 222 MSM with previous HCV reinfec-
tion (Abstract 439). The majority (69%) 
had 1 reinfection, whereas the remain-
ing 30% had 2 to 5 reinfections. Com- 
pared with MSM with a history of only 
1 HCV infection, those reinfected were 
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more likely to be older and to have  
HIV coinfection (odds ratio [OR], 5.5;  
P=.028), or use methamphetamine 
(OR, 6.6; P=.028) or ketamine (OR, 
6.0; P=.07) 

Given the high rates of incident HCV 
and reinfections in MSM with HIV, more  
frequent testing is needed in this popu-
lation. Using a cost-effectiveness model 
for HIV and HCV transmission among 
MSM in the United Kingdom, a screen-
ing strategy of antibody testing every 
6 months for MSM with HIV, annually 
for MSM on preexposure prophylaxis 
(PrEP), and at any time HIV screening 
was done for MSM not on PrEP was 
found to be cost effective at $35,000 per 
quality-adjusted life year (Abstract 440).  
In the model, testing at this threshold  
resulted in meeting a 90% incidence re- 
duction goal among MSM in the United  
States by 2030 (paired with direct-act-
ing antiretroviral [DAA] treatment of 
identified cases). Put in context, this 
supports a more aggressive testing 
strategy than currently recommended 
in MSM with HIV, which is at least 
yearly. A notable limitation in this pre-
liminary cost-effectiveness analysis is 
that the cost of testing for reinfection, 
for which HCV RNA is required, was 
not considered.

To make progress on elimination  
goals, new testing strategies that are  
accessible and cost effective are need- 
ed. Modeling on the approach of self- 
testing for HIV and sexually transmit-
ted infections (STIs), pilot studies were 
conducted using the OraSure® rapid 
saliva-based HCV antibody testing in 
several international locations among 
different populations at risk includ-
ing MSM and people who inject drugs 
(PWID) (China, Vietnam, Georgia, and 
Kenya) as well as the general Egyptian 
population (Abstract 446). Although 
mistakes in the testing process were 
made frequently by participants, these 
mistakes did not appear to adversely 
impact test accuracy or result interpre-
tation, with most sites showing more 
than 95% interobserver agreement 
and more than 90% concordance with 
results from a professional-use HCV 
antibody test. Additionally, many of 
these populations will have the need 
for repeated testing. In that setting, 

self-testing may provide substantial 
benefit. 

Hepatitis C: Immunology and 
Inflammation

Female sex is associated with increased 
rates of spontaneous HCV clearance, al-
though specific mechanisms associated 
with enhanced clearance are unknown. 
To gain further insight into immune 
response pathways that may be asso-
ciated with HCV clearance, peripheral 
blood mononuclear cell (PBMC) gene 
expression was analyzed according 
to sex and HCV serostatus within the 
BBAASH (Baltimore Before and After 
Acute Study of Hepatitis) cohort (Ab-
stract 461). In the HCV-seropositive 
group, PBMC collection occurred during 
acute infection (n=11), during chronic 
infection (n=24) and after clearance 
(n=4). A large number of genes were 
differentially expressed when compar- 
ing HCV-infected with –uninfected in- 
dividuals. When considering differen-
tial gene expression between males 
and females, 151 genes were differen-
tially expressed (as assessed by a false 
discovery rate [FDR] <0.05) between 
uninfected males and females. In the 
setting of HCV infection, that number 
increased to 2960 gene expression dif-
ferences between males and females. 
Pathway analysis identified 24 custom 
pathways that were differentially acti-
vated in women with HCV infection. 
The authors highlighted mannose re- 
ceptor, C type 1 (MRC1), which is part  
of the granulocyte-macrophage colony- 
stimulating factor (GM-CSF) differen- 
tiation pathway and is upregulated sig- 
nificantly more in women with HCV in- 
fection. Replication of the gene expres- 
sion studies in larger cohorts combined 
with supporting mechanistic studies 
are needed to confirm these findings.

Mitochondrial function can impact 
immune response, and one method for 
codifying differences in mitochondrial  
DNA (mtDNA) is to determine ances- 
tral mitochondrial haplogroups. In an 
exploratory analysis controlling for in- 
terferon-λ4 (IFNL4) genetic variants,  
mtDNA haplogroup frequency was 
compared between those with HCV 
clearance or persistent viremia in  

cohorts of European and African an- 
cestry (Abstract 459). Clearance was  
significantly more frequent in those 
with mtDNA haplogroup I in the Euro-
pean ancestry cohort (OR, 2.0; P=.03). 
When stratified by HIV status, the asso-
ciation only remained significant in the 
HIV group (n=257; OR, 4.22; P=.05). 
Replication of the finding in other HIV/
HCV cohorts is needed given the small 
numbers in the groups studied and 
relatively high P values for a genetic as 
sociation study.

Glycobiology is an emerging field  
and variable glycosylation patterns on 
proteins, such as immunoglobulin G 
(IgG), can impact protein-protein inter 
action and the inflammatory response.1  
HIV is associated with a proinflam- 
matory state that is not completely 
reversed with antiretroviral therapy 
(ART). Altered glycosylation in the set-
ting of HIV infection may contribute 
to this state, particularly through in- 
creased agalactosylated and hyposialy- 
lated IgGs that are associated with a  
proinflammatory state.2 How HCV/HIV 
coinfection impacts the IgG glycomic 
signature is unknown. To explore this, 
a group of 249 African American par-
ticipants in the ALIVE (AIDS Linked 
to the IntraVenous Experience) cohort 
was selected for determination of IgG 
glycosylation according to HCV and 
HIV status (Abstract 458). In the HIV 
groups, median CD4+ cell counts were 
577/µL, and 469/µL, those with HIV 
but not HCV and those with HIV and 
HCV, respectively; however, relatively 
high percentages in both groups had 
detectable HIV RNA (22% and 33%, re- 
spectively). Consistently higher per-
centages of proinflammatory glycomic 
signatures were found within the plas- 
ma glycome of patients with active 
HCV infection; in particular, HCV/HIV 
coinfection was associated with the 
highest percentages of agalactosylated 
and hyposialyltaed glycans at levels sig-
nificantly higher than all other groups. 

Hepatitis C Treatment 

DAAs have revolutionized HCV ther- 
apy; their 2 outstanding features are  
efficacy (>95% sustained virologic re- 
sponse [SVR]), independent of most 
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patient and disease characteristics,  
and excellent safety/tolerability. Build-
ing on these characteristics and the 
need to further simplify HCV treatment  
approaches to lower costs, particularly 
with availability of low-cost generic for-
mulations of the therapies and to fa- 
cilitate HCV elimination globally, final 
results of the AIDS Clinical Trial Group 
(ACTG) MINMON (Minimal Monitoring 
Study or A5360) have been eagerly 
awaited (Abstract 135). The MINMON 
approach consisted of confirmation of 
HCV viremia, routine laboratory evalu-
ations to determine cirrhosis status 
(fibrosis-4 [FIB-4]), and exclusion of ac-
tive hepatitis B virus (HBV) infection 

(+HBsAg) followed by provision

In the MINMON study, 
sustained virologic  
response was attained  
in 95% (379/399) of  
participants, and no  
serious adverse events   
related to treatment 
occurred or resulted in 
discontinuation

 of a full 
12-week course of sofosbuvir/velpatas-
vir (84 tablets) with no in-person follow- 
up or laboratory evaluations until SVR 
12 weeks after completion of treatment 
(SVR12). Pretreatment HCV genotyping 
was not performed. Remote (telephone)  
contact was scheduled at weeks 4 and 
22. The study enrolled 400 participants 
globally, including in Brazil (n=131), 
Thailand (n=110), Uganda (n=15) and 
South Africa (n=12) and 399 initiated 
study treatment. Participants were rel-
atively young (median age, 47 years), 
14% were black, 42% were HIV-coin-
fected, 9% had cirrhosis (FIB-4 ≥3.25), 
and 14% reported current substance 
use (ie, in the past 3 months). The in-
ternational enrollment facilitated a 
broad HCV genotype representation in-
cluding 20% with genotype 3 and 10% 
with genotypes 4 to 7. Sustained viro-
logic response was attained in 95% 
(379/399) of participants, and no seri-
ous adverse events related to treatment 

occurred or resulted in discontinuation 
occurred.

Data from the Veteran’s Administra-
tion (VA) system demonstrated high 
efficacy for DAA regimens regardless  
of alcohol use during treatment. Using 
the AUDIT-C (Alcohol Use Disorders 
Identification Test-Concise) score to 
gauge alcohol use, 77,045 courses of  
DAA therapy in VA system from Jan- 
uary 2014 to December 2018 demon-
strated an SVR of 94% irrespective of 
alcohol use, including 17% with high-  
risk AUDIT-3 scores of 4 or higher (ad-
justed odds ratio [aOR] for SVR in this 
group was 1.0 [95% confidence in- 
terval {CI}, 0.89-1.12]) (Abstract 459).  
The authors concluded that restrictions 
on DAA therapy based on ongoing al-
cohol use (or any other substance use 
for that matter) are not supported by the 
data and constitute unnecessary bar- 
riers that likely harm patients. However, 
independent of chronic viral hepatitis, 
excessive alcohol use remains a risk 
factor for liver disease. Among 11,891 
Swiss HIV Cohort participants, all-
cause mortality was associated with 
extremes of alcohol use with adjusted 
incidence rate ratios (alRR) of 1.9 (95% 
CI, 1.5-2.3) and 1.8 (95% CI, 1.2-2.6) 
for abstinence and binge drinking, re-
spectively (non-hazardous drinking on 
AUDIT-C as a reference) (Abstract 457). 
After adjustment for multiple con-
founders including body mass index 
(BMI), history of AIDS, and chronic 
viral hepatitis, only binge drinking was 
associated with an elevated aIRR of 
4.0 (95% CI, 2.7-6.1) for liver-related 
events. 

Data are slowly accumulating on 
DAA dosing in children with regimens 
now approved down to age 3 years and  
pangenotypic regimens to age 6 years. 
Daclatasvir is a pangenotypic nonstruc- 
tural protein 5A (NS5A) inhibitor avail-
able a generic form in much of the 
world which, when paired with so- 
fosbuvir, is a key component of an af- 
fordable pangenotypic DAA regimen. 
Using intensive pharmacokinetic (PK) 
data from 17 adolescents (ages 12-18 
years) given 60 mg of daclatasvir once 
daily (standard adult dose) a population 
PK model was built and then used to 
simulate daclatasvir PK in adolescents 

10 kg to 35 kg receiving either 30 mg 
or 60 mg once daily (Abstract 444). For 
children weighing 35 kg down to 14 kg, 
daclatasvir 30 mg modeling yielded 
maximum concentration (Cmax) and 
area-under-the-concentration curve 
(AUC)0-24 values comparable to those 
found in adults. In the 30 kg to 35 kg 
weight range, 60 mg daclatasvir also 
yielded PK parameters within range of 
adult dosing. Given what is also known 
about sofosbuvir dosing in children, 
standard doses of both sofosbuvir and 
daclatasvir could be used above 30 kg 
and 200 mg sofosbuvir with 30 mg da-
clatasvir used in those 17 to 30 kg.3 

Before the introduction of DAAs, 
outcomes for liver transplantation in 
people with HIV who had HCV coinfec-
tion were poor and significantly worse 
than HIV-negative persons with HCV 
infection.4,5 Excellent results have been 
obtained with DAA treatment of recur-
rent HCV posttransplant as well as in 
the setting decompensated liver dis-
ease before transplant, although data 
are needed in people with HIV. Results 
from the STOP-coinfection study uti- 
lizing sofosbuvir-based HCV treatment 
in people with HIV either 1) pretrans- 
plant in those with decompensated cir- 
rhosis (Child's Pugh Turcotte [CPT] ≥7  
and model for end-stage liver disease 
[MELD] 6-30) or 2) post-transplant with  
any stage of liver disease were re-
ported (Abstract 467). Treatment was  
well tolerated and highly efficacious 
(93% SVR) with no compromise in 
HIV control. Although MELD scores im- 
proved in more than half the pretrans-
plant cohort (53% with MELD <15, and 
64% with MELD >15), the majority died  
or went on to require liver transplan-
tation within the next 4 years. Con- 
versely, those treated post-liver trans-
plant had excellent survival similar to 
that seen in HIV-uninfected persons 
undergoing transplantation for HCV- 
related endstage liver disease (ESLD). 
The pretransplant data raise the ques-
tion of whether there some threshold 
of decompensated cirrhosis beyond 
which it is preferable to forgo treatment 
and proceed to liver transplantation 
with HCV treatment as soon as pos-
sible after transplant. 
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Drug-use stigma can impact HCV 
and HIV acquisition by inducing risk-
ier behaviors in individuals seeking to 
avoid stigmatizing interactions or cre-
ating decreased sense of self-worth. To 
quantify stigma in 4 specific domains 
(vicarious, enacted, felt normative, and  
internalized stigma) an electronic sur-
vey was administered to 11,663 PWID 
across 12 sites in India (Abstract 447). 
Stigma levels were then compared with  
HCV prevalence. The population was 
mostly young (average age 30 years)  
and male (94%) with 73% injecting in 
the last 6 months and 34% with ac-
tive HCV infection. The OR for active 
HCV infection was significantly higher  
in groups that had experienced en-
acted stigma (overt acts directed at an 
individual because of their drug use) 
(OR, 1.35) and that scored in the top 
75th percentile for internalized stigma 
(self-stigma) (OR, 1.52-1.84). Further, 
enacted stigma correlated with signifi-
cantly increased reporting of high-risk 
behaviors such as sharing of needles 
or syringes and multiple injection part-
ners. Although it is clear that strategies 
to remove or decrease injection drug-  
use stigma are needed, effective ap- 
proaches remain elusive.

Modeling studies demonstrate that 
combined modalities are necessary 
to effectively treat and eliminate HCV 
in PWID, particularly in settings with 
moderate to high HCV prevalence. Med- 
ications for opioid-use disorder (MOUD) 
and syringe service programs (SSPs) 
are essential components in addition 
to DAA scale up. An analysis from 
the Canadian coinfection cohort as-
sessed trends in HCV treatment and 
supportive services usage over time 
among PWID, HIV (n=1090) who had  
injected drugs during different time 
periods (2003-2010, 2011-2013, and 
2014-2019) (Abstract 448). A large in-
crease in treatment and effectiveness 
was seen in 2014 due to the introduc-
tion of DAAs. However, no comparison  
was made to rates in HCV/HIV-coin-
fected persons who did not inject drugs  
to investigate if there was still hesi- 
tancy to treat in the PWID group. Ac- 
cess to SSPs was generally high (>80% 
reported access during visits) in the first 
2 time periods, but a concerning drop 

was reported for 2014 to 2019 (~60% 
access). MOUD access was low across 
all time periods (~20% reporting ac-
cess). Encouragingly, reported needle/ 
syringe sharing was low and signifi-
cantly decreased over time. In the DAA  
era initiations at 20/100 person-years 
are generally above modeling thresh-
olds identified for elimination when 
combined with harm reduction ser-
vices. Despite this, there is clearly 
room to increase treatment uptake and 
make harm reduction services more 
available for HCV/HIV PWID in Canada 
(and elsewhere).

Hepatitis B 

Two of the symposia that focused on 
the liver addressed novel approaches 
to HBV control and cure: new prospects 
for treatment of HBV and harnessing 
immunity to cure HBV. 

HBV Treatment: Consequences of 
Persistent Viremia 

Most data assessing the risk for hepato-
cellular carcinoma (HCC) in chronic 
HBV infection come from HBV-monoin-
fected populations. The NA-ACCORD 
(North American AIDS Cohort Collabo-
ration on Research and Design) cohort 

HBV undetectable for 
more than a year was  
associated with lower  
HCC rate, compared  
with detectable HBV or  
undetectable for less 
than a year

assessed the risk for HCC in more than 
8000 HIV/HBV-coinfected individuals. 
The incidence rate was 1.8/1000 per-
son-years (95% CI, 1.5-2.1) during a me- 
dian follow-up of 6.9 years. HCC inci-
dence was significantly associated with 
age older than 40 years (adjusted haz-
ard ratio [aHR], 2.14), HCV antibody 
positivity (aHR, 1.6), heavy alcohol use 
(aHR, 1.51), but not with race, HIV viral 
load, or CD4+ cell percentage. HBV vi- 
ral load was correlated with HCC risk  

in a dose-dependent manner, that is an 
aHR of 1.18 for each 1.0-log10 IU/mL in-
crease, and with HBV DNA level above 
200 IU/mL (aHR, 2.7), which is well 
below the HBV viral load threshold  
for HBV treatment initiation in most 
guidelines. Undetectable HBV for more 
than a year was also associated with 
lower HCC rate, compared with detect-
able HBV or undetectable for less than 
a year. These data suggest that in HIV/
HBV-coinfected patients, sustained sup-
pression of HBV replication may be  
key to reducing HCC risk, rather than 
simply getting HBV below a certain 
threshold, as well as addressing other 
drivers of hepatic inflammation such 
as heavy alcohol use and HCV infection 
(Abstract 136). Attaining HBV virologic 
suppression can take a long time, par-
ticularly in HIV/HBV-coinfected indi- 
viduals. Of 222 starting tenofovir-based 
treatment in the Swiss HIV cohort, 
84% had detectable HBV DNA and 
58% had HBV level above 2000 IU/mL. 
HBV viremia persisted in 27% at 2 
years and in 18% at their latest follow-
up; HBV DNA level was above 2000 IU/
mL in 10% and 13% of these viremic 
patients, respectively. Persistent vire-
mia was associated with high baseline 
HBV DNA level (OR, 1.24; 95% CI, 1.07-
1.44) and advanced HIV (Centers for 
Disease Control and Prevention [CDC] 
Stage 3) (OR, 2.8; 95% CI, 1.18-6.6), but 
was not associated with hepatitis delta 
(HDV) coinfection. No HBV resistance 
testing was performed; however, HBV 
resistance to tenofovir is rare (Abstract 
450).

HBsAg loss represents a “functional 
cure” of HBV with immunologic control 
and is uncommon; typically in 1% per 
year in HBV-monoinfected patients, 
even with effective HBV treatment with 
HBV DNA suppression.6 In the Swiss 
HIV cohort, of 272 HIV/HBV-coinfected 
patients, HBsAg loss occurred in 8% 
during the first 2 years of tenofovir 
therapy and 16% after a median of 8.4 
years of follow-up, which is higher than 
generally seen in HBV monoinfection. 
When HBsAg clearance occurred, more 
than half (54%) developed anti-HBs 
antibodies, suggesting durable immu-
nologic control. HBsAg clearance was 
associated with female sex (OR, 9.15;  
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95% CI, 1.08-77) and low baseline quan-
titative HBsAg at baseline (OR, 12.01; 
95% CI, 2.5-57.7). The reason for high- 
er HBsAg loss in HIV/HBV coinfection  
is an area of active investigation (Ab-
stract 449). 

Hepatitis Delta

HDV is an important driver of hepatic 
morbidity and mortality in chronic 
hepatitis B; however, coinfection rates 
vary widely by region and risk factor. 
In the Swiss HIV cohort and EuroSIDA 
cohorts, HDV Ab prevalence in more 
than 2700 HIV/HBV-coinfected indi- 
viduals was 15.2%, 66% of whom had 
active HDV viremia. HDV antibody 
positivity was twice as high in Eastern 
Europe (32.8%) and Southern Europe 
(29.7%) than in Northwestern Europe 
(15%). PWID comprised half of all HDV 
infections. HDV infection was associ-
ated with significantly higher mortality 
(aHR, 1.4), liver-related death (aHR, 2.9), 
and HCC (aHR, 6.5) than in those with-
out HDV (Abstract 452). In a Taiwanese 
cohort of 505 HIV/HBV-coinfected pa-
tients, HDV Ab baseline prevalence was 
lower at 6.5%. However, an additional 
8.1% seroconverted while on tenofovir- 
containing ART over a 7-year time pe-
riod, with an incidence rate of 16.5 
per 1000 person-years of follow-up. Of 
these newly HDV-infected patients, all 
were male, 88% were MSM, 5% were 
PWID, and 77% had undetectable HBV 
viremia. These data are a reminder to 
screen HIV/HBV-coinfected persons for 
HDV, particularly those from regions 
with high HDV prevalence; popula-
tions at risk may vary substantially by 
region. 

HBV Vaccination

HBV vaccination is the cornerstone of 
HBV prevention; however, efficacy can 
be impaired by HIV infection as well as 
vaccine escape mutations. In a cohort 
of perinatally infected people with HIV 
matched with those infected in adult-
hood, reactive HBsAb was present in 
35% of those with perinatal HIV and 
64% in those infected as adults (aOR, 
0.4; 95% CI, 0.2-0.82), despite receipt  
of more HBV vaccinations in the peri- 
natally infected group. The overall sub- 
optimal seroprotection rate of 50% 

is reminder to prioritize vaccination in 
people with HIV and to confirm HBsAb 
after vaccination particularly in those 
who are perinatally infected as addi-
tional vaccination may be necessary 
(Abstract 451). HBsAg “vaccine escape” 
mutations can reduce HBV vaccine ef- 
ficacy and thwart HBV diagnosis, by 
leading to HBsAg negativity despite on-
going viremia. In an Italian evaluation 
of more than 900 patients viremic with 
HBV genotype D (common in Mediter-
ranean, Northern African, and Asian 
regions), 21 different vaccine escape 
mutations were identified. A total of 
17.8% had at least 1 mutation, and 3% 
had 2 or more mutations. Having more 
mutations was associated with a higher 
likelihood of HBsAg negativity despite 
HBV viremia; 35% of those with 2 or 
more mutations were HBsAg negative 
and viremic. There was a significant 
increase in prevalence of patients with 
mutations over time, from 0.4% in 
2005 to 2009 to 5.1% in 2015 to 2019 
(P=.007) (Abstract 137). 

Hepatitis A

Recent outbreaks of hepatitis A in MSM  
and people with HIV are a reminder 
of inadequate vaccination for this pre-
ventable viral disease. In a cohort of  
more than 3000 people with HIV in 
Texas, less than 10% of patients eligible 
for hepatitis A virus (HAV) vaccination 
had been vaccinated after 2 years in 
care. Latinx people with HIV were less 
like to receive a full HAV vaccine series 
(hazard ratio [HR], 0.51), whereas MSM 
and those with HBV or HCV infection 
were more likely receive HAV vaccina-
tion (Abstract 464). A Spanish cohort 
of 272 HAV-susceptible people with 
HIV also reported low HAV vaccine up- 
take, with 38% undergoing vaccination  
over a 10-year period. Nearly 10% of  
those vaccinated did not show HAV 
seroconversion, and 1 individual lost 
HAV antibodies. Several HAV outbreaks 
occurred during follow-up, the major- 
ity of infections (60%) occurring in non- 
immunized MSM (Abstract 466). To 
examine optimal strategies for HAV 
revaccination in those with ineffec-
tive initial vaccination, a Taiwanese 
study randomly assigned 102 men 
with HIV to 1 or 2 HAV vaccines after 

initial nonresponse or seroreversion. 
There was no significant difference 
in seroconversion with 1 dose (79%) 
versus 2 doses of HAV vaccination 
(84%); those with prior seroreversion 
had a 100% response to either 1 or 2 
doses. Of note, 2 doses led to a 2-fold 
higher HAV antibody level at week 24; 
however, whether this will translate to 
longer lasting protection in this popula-
tion is not known (Abstract 465). 

Fatty Liver Disease 

Fatty liver disease has been an increas-
ing driver of hepatic-related morbidity 
and mortality in people with HIV. There 
was an excellent overview of mecha-
nisms and treatments of steatosis in 
HIV in the “Focus on the Liver” (Sym-
posium 11). 

Given the rising importance of fatty 
liver disease, more accurate diagnostic 
tools are needed, particularly for non-
alcoholic steatohepatitis (NASH) where 
the standard remains liver biopsy. In 
a cohort of 69 people with HIV with 
persistent transaminase elevations and  
accompanying liver biopsies accuracy  
of imaging, biomarker assays (triglyc- 
eride glucose index [TyG], fatty liver 
index [FLI], and hepatic steatosis index  
[HSI]) and combinations were evalu-
ated (Abstract 460). Ultrasound and 
controlled attenuation parameter (CAP)  
alone performed better than biomarker 
assays (area under the receiver oper-
ating characteristic curve [AUROCs] of  
0.90 or higher with high sensitivity and  
positive predictive value [PPV]) (Ab- 
stract 460). Although combining mark- 
ers with CAP improved AUROC nega-
tive predictive value in particular, the 
main issue is not diagnosis of steato-
sis but determination of nonalcoholic 
steatohepatitis (NASH) and associat- 
ed fibrosis, as this group is where in-
tervention is indicated. Combining  
transient elastography (TE)/CAP with 
aspartate aminotransferase (AST) level 
to determine the FibroScan-AST (FAST) 
score may assist in this determina- 
tion. In a German cohort of people 
with HIV, 319 individuals had at least  
2 FAST assessments from 2013 to 2018 
(Abstract 455). There were significant 
increases in FAST and CAP scores with 
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serial measurement over time within 
the cohort. Although significantly pos-
itive correlations between baseline 
FAST and CAP score, FIB-4, and AST-to-
platelet ratio index were found, this is 
not surprising because all share com-
mon components or measurements. 
Univariate associations with factors 
(BMI, diabetes, hyperlipidemia, and in- 
tegrase strand transfer inhibitor [InSTI]) 
known to predispose to weight gain 
or NASH and higher FAST scores were 
found. Although it is likely that FAST 
will be a useful screening tool for NASH 
in people with HIV and the reported 
associations are encouraging, further 
validation is needed, in particular with 
liver biopsy.

ESLD in HIV: Etiology and 
Management

Complications of ESLD remain a major 
source of mortality for people with HIV  
and prediction models for future de- 
compensation in persons with under-
lying liver disease are lacking. Using 
the NA-ACCORD cohort, participants 
with a FIB-4 score above 1.45 and in 
care from 2000 to 2016 were examined 
for outcomes of decompensated liver 
disease to derive a predictive model 
(Abstract 468). Among the 13,787 el- 
igible participants, chronic viral hepa-
titis (HBV or HCV) were the strongest 
predictors; excluding those infections, 
Bayesian modeling selected 10 other 
predictors of future decompensation  
that included demographics (age, sex, 
and race), as well as markers of he- 
patic inflammation (eg, AST level), se- 
rum albumin (ALB), portal hyperten-
sion, total bilirubin, platelets, and lipid 
levels. The AUROC in the derivation 
cohort for this set of 10 factors was 
0.78 and was validated in a test cohort 
(AUROC, 0.8). Further, a dramatic in-
crease in the rate of ESLD events was 
found for those in the highest 2 deciles 
for the risk score. Notably, no HIV dis-
ease characteristics made it into the 
final model. Although this a welcome 
step toward defining predictive models 
for hepatic decompensation in people 
with HIV, the predominant effect of 
chronic viral hepatitis and alcohol use 
on decompensation events limits the 
value of the additional model factors. 

Endoscopic screening for esoph- 
ageal varices may be omitted for pa- 
tients with cirrhosis who meet cer-
tain liver stiffness and platelet count 
thresholds.7 However, these thresholds 
were derived based on determinations 
made in persons with active liver dis-
ease, including untreated HCV. How 
well these criteria perform after cure 
of HCV, particularly in people with HIV, 
is not understood. Using the GEHEP 
(Group for the Study of Viral Hepatitis) 
cohort (n=428), performance of vari-
ous criteria (HEPAVIR [Estudio de las 
Hepatitis Viricas]: liver stiffness, <21  
kPa; Baveno VI: liver stiffness, <25 
kPa, and platelet count >110/µL, and  
HIV cirrhosis: liver stiffness, <30 kPa  
and platelet count >110/µL) was as- 
sessed based on updated measure-
ments at the time of SVR (Abstract 
469). All criteria performed extremely 
well with a negative predictive value 
(NPV) for variceal bleed of more than 
99.5% and avoiding unnecessary en-
doscopies in 40% to 45% of patients. 
The performance was identical to that 
in the HIV coinfection cohort (n=257). 
An open question remains whether 
even higher liver stiffness and lower 
platelet count thresholds would per-
form equally well and avoid additional 
upper endoscopies.

Effects of ART on the Liver

Modern ART regimens are potent, well 
tolerated, and generally safe, but ad-
verse impacts of antiretroviral drugs 
(ARVs) may be difficult to detect in  
trials with relatively small numbers of 
patients followed up for short dura-
tions. Data from NA-ACCORD used a  
Bayesian Cox model to assess for sig- 
nals indicating potential contributions 
to liver-related events by comparing 
prior and posterior credible intervals 
(CrI) for events according to different 
ARVs or covariates such as viral hepa-
titis or alcohol use (Abstract 456). As 
expected, clear signals were present  
for adverse impacts of HCV or HBV in-
fection on liver outcomes (HR for HCV, 
4.4; 95% CrI, 2.6-7.0). In contrast, 
modest, and potentially detrimental  
effects, were noted for the HIV pro-
tease inhibitors atanazanvir (HR, 1.8; 
95% CrI, 0.82-3.9) and darunavir (HR, 

2.0; 95% CrI, 0.86-4.7). Neutral effects  
were suggested for the nucleos(t)ide 
reverse transcriptase inhibitors (nRTIs) 
abacavir and tenofovir. Although of in-
terest, the data are not definitive and 
should be viewed as hypothesis gener-
ating. Given the weight gain associated 
with InSTIs, it would be interesting to 
know if there was a signal with these 
ARVs and adverse liver outcomes. Un-
fortunately, data for a sufficient period 
of time were not available to judge 
their potential impact. The field must 
remain vigilant to possible toxic (or 
beneficial) effects of ARVs on liver dis-
ease progression; a major take away 
remains the profound impact of viral 
hepatitis coinfection as well as alcohol 
use and the need to ensure patients 
are evaluated and treated for these 
comorbidities.

SARS-CoV-2 and the Liver

Transaminitis is frequently detected 
during COVID-19 infection though clin-
ically significant hepatic injury is ex- 
tremely rare. In vitro experiments were 
conducted in 2 liver cell lines, Huh-7.5 

and HepG2 with a fixed

Despite a paucity of 
angiotensin-converting 
enzyme 2 (ACE2)  
expression, liver cells 
lines are capable of being 
infected by SARS-CoV-2 
with resulting cell death

 amount (multi-
plicities of infection [MOI] of 0.1) of  
SARS-CoV-2 (Abstract 462). Robust SARS- 
CoV-2 production in supernatants was 
observed; although at levels 1- to 2-log10 
lower than Vero-E8 or WI-38 cells (a 
lung cell line). Cytopathic effects were 
seen as early as day 3 postinfection in 
Huh-7.5 cells. The results demonstrate 
that, despite a paucity of angiotensin-
converting enzyme 2 (ACE2) expres- 
sion, liver cells lines are capable of 
being infected by SARS-CoV-2 with re-
sulting cell death. Attempts to replicate 
these findings in primary human he- 
patocytes would be informative. The 
results suggest at least 1 pathophys- 
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iologic mechanism by which trans- 
aminase elevations may occur with 
COVID-19. 
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Introduction

HIV infection can directly affect the 
central nervous system,1 is associated 
with reduced brain volume,2 and can 
impact the structure and function of 
grey matter3,4 and white matter cir-
cuits.5-7 Consequently, roughly 30% to 
55% of patients with chronic HIV infec-
tion and taking antiretroviral therapy 
(ART)8 present with HIV-associated neu- 
rocognitive disorder (HAND).9 This het- 
erogeneous condition may involve the 
central executive component of work-
ing memory,10-12 attention,13 executive 
function,13 and processing speed.14-16 
In this article, we specifically target the 
role of these functions. 

Although other functions can be in-
volved in HAND (eg, long-term memory,  
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Although there is extensive literature around the biologic correlations of neu-
rocognitive function in HIV/AIDS, less is known about the impact in everyday 
living. We conducted a systematic review of the association of neurocognitive 
impairment with everyday life functions in people with HIV on antiretroviral 
therapy. We specifically focused on attention, executive function, processing 
speed, and the central executive component of the working memory. We con-
sidered 3 domains of everyday functions: (1) autonomy, (2) decision making 
and adherence to treatment, and (3) quality of life and psychologic wellbe- 
ing. The relationship between neurocognitive impairment and mental health 
was examined, given its correlation with everyday life functions. Results 
indicate that people with HIV do experience problems with autonomy of 
daily living (especially if aged older than 50 years) and with decision mak-
ing, and neurocognitive impairment plays a role in this regard. Psychologic 
wellbeing is associated with executive function and processing speed. These pa- 
tients may also have a reduced quality of life, but the relationship between qual-
ity of life and cognition is uncertain or could be mediated by other factors. 
Neurocognitive impairment correlates with depression and anxiety; however, 
the relationship of cognitive performance with apathy is still controversial.

Keywords: chronic HIV disease; AIDS; antiretroviral therapy; everyday life; 
neurocognitive impairment; depression; anxiety
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motor function), this review is limited 
to those functions strongly implicated 
in the supervision and qualitative con- 
trol or realization of everyday life activi-
ties. The central executive component 
of working memory provides high-level  
attention regulation and activates the  
executive processes for tasks that can- 
not be automatically controlled by rou-
tine and implicit attentive resources 
(ie, focusing, dividing, shifting atten- 
tion).17,18 The central executive com- 
ponent of working memory is not a dis- 
crete function but is a manifestation 
of other functions,19 such as execu-
tive control, attention, and processing 
speed. These functions should be stud-
ied in conjunction with one another. 
Currently, there is no consensus re-
garding their impact on everyday life  

outcomes20 or on the relationships be-
tween neurocognitive impairment and 
sex,21 age and aging,22 falls,23  frailty,24 
body composition,25 sarcopenia,26 im- 
munosuppression, inflammation,27 co- 
morbidity28 and disease severity,29 tim- 
ing of ART initiation or deintensifica-
tion,30 and polypharmacy. Although 
neurocognition may be associated with 
these variables, the timing, strength of 
correlation, mediating factors, and re-
lationships with everyday life activities 
are still to be ascertained.

In this article, we aimed to system-
atically review the literature in this field 
of HIV/AIDS research. We evaluated the 
putative association of neurocognitive 
impairment, as operationalized above, 
with everyday life outcomes in people 
with chronic HIV. We also studied the 
relationship between neurocognitive 
impairment and mental health, given 
its relevance to everyday life functions.

Methods

Eligibility Criteria

For this review, only descriptive or ob- 
servational studies (cross-sectional, co- 
hort, case-control, and hybrid designs;  
prospective or retrospective) were con- 
sidered. Eligible studies included (1) 
those with adults with HIV (older than 
18 years of age) who had been pre-
scribed ART; (2) those with recorded  
information in terms of a raw or stan-
dardized score derived from formal 
neuropsychologic testing on the cen-
tral executive, attention, executive 
function, and processing speed; and 
(3) those that considered or discussed 
everyday life outcomes. Animal and 
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pediatric studies were not included. 
The review was reported following the 
recommendations set out by the Pre-
ferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 
working group.31 

Information Sources and Search 
Strategy

We systematically searched the Pub- 
Med database for contributions pub-
lished between January 1, 2000, and 
December 31, 2019. We also exam- 
ined pertinent articles cited in the re- 
ferences of selected original research 
papers, book chapters, relevant re-
views, and papers reporting the results 
of meta-analyses. Information retrieval 
used the same keywords in Google 
Scholar. Only original papers published 
in English were considered. A detailed 
description of the search strategy is 
provided in the protocol of this sys-
tematic review, which is available as 
Supplementary Information (together 
with the PRISMA checklist), and it was 
registered in the International Prospec-
tive Register of Systematic Reviews 
(PROSPERO).32 

Outcomes 

Given the multifaceted nature of the 
outcomes of this study, we considered a 
3-dimension classification of everyday 
life function. The first dimension con- 
cerned independence and the possibil- 
ity to conduct an autonomous life, as  
measured by autonomy in activities of  
daily living (ADL), instrumental activ- 
ities of daily living (iADL), and employ-
ment status. ADL scores measure a 
person’s ability to perform basic self-
care tasks and iADL scores measure a 
person’s ability to live independently. 
ADL and iADL are generally preserved 
in healthy aging; however, impairment 
has been described in people with HIV. 
The second dimension referred to a 
person’s capacity to make decisions 
and adhere to treatment. For the third 
dimension, we examined quality of life 
and psychologic wellbeing in light of 
their theoretical relevance and practical 
importance.33,34 We considered mental 
health (which is highly correlated with 

everyday function) as a secondary out-
come in terms of depression, apathy, 
and anxiety. These conditions have 
been assessed in the HIV literature in 
terms of the presence of symptoms, 
not necessarily diagnosis of a major 
disorder.

Data Management and Analysis

After the first screening of records iden-
tified in PubMed, selected items (data 
and metadata) were stored in a data-
base and queried through structured 
query language (SQL). Two blinded 
reviewers (ER and MC) searched for 
papers eligible for inclusion by screen-
ing titles and abstracts. Information 
regarding the general setting, study de-
sign, sample size, follow-up duration, 
demographic characteristics of par-
ticipants, and neuropsychologic testing 
was extracted from each paper. Se-
lected baseline covariates included age,  
sex, duration of HIV infection, nadir 
and current CD4+ cell count, CD8+ 
cell count, viral load, duration of ART, 

presence of infections other than HIV  
(eg, hepatitis C virus [HCV]), and pres- 
ence of other medical conditions. Re- 
sults of the neuropsychologic evaluation 
(central executive, attention, executive 
function, and processing speed) pre-
sented as raw or standardized scores 
were extracted from each paper. In-
cluded studies were assessed for the 
possibility of selection bias and resid-
ual or unmeasured confounding. Given 
the high degree of heterogeneity and 
the methodologic differences observed 
across study designs and the potential 
bias that could be artificially created by 
meta-analyzing data under these con-
ditions,35 we only summarized data 
qualitatively. 

Results

Descriptive Findings

After removing duplicates, 3067 items 
were identified in PubMed and pre-
liminarily screened. Of these, 377 were  

Records identified through  
database searching (n=3067)

Figure. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow-
chart of the studies included in the systematic review. From those screened, 377 items were 
initially retrieved from the PubMed database; 42 studies matched the inclusion criteria and 
were comprised in the present paper, and 10 studies were included by manual search for a 
total of 52 studies (see the Supplementary Tables). These 52 studies were published between 
2000 and 2019, and had sample sizes ranging from 11 to 2863. 

Additional records identified 
through other sources (n=10 )

Records after duplicates were removed (n=3077)
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Records excluded  
(n=2690)

Full-text articles assessed for  
eligibility (n=387)

Full-text articles excluded with 
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potentially eligible, and after exclu- 
sions, 42 studies were selected for the 
inclusion. Another 10 studies were 
added from a systematic search in 
books, book chapters, and bibliogra-
phies (Figure 1). 

Clinical trials, letters, commentar-
ies, and observational studies with no 
detailed assessment of neuropsycho-
logic function or no consideration or 
discussion of everyday life outcomes 
were excluded, as was with testing 
of patients with acute HIV. In Supple-
mental Tables 1, 2, and 3, we show a 
summary of the main results obtained 
in each study.

The sample size of included studies 
ranged from 11 to 2863 (Supplemental 
Table 2). Most studies tested patients 
aged 30 to 49 years, except for 6 stud-
ies24,36-40 that selected patients aged 
50 to 59. Outcomes were measured 
with different tools by different authors 
(Supplemental Table 3). Apathy was 
measured with a formal scale (the Apa-
thy Evaluation Scale41,42), through an 
adaptation of subscales from the Neu-
ropsychiatric Inventory,43  or by means 
of an ad hoc index.44 

Only 27 of 52 studies tested a sam-
ple of matched controls, and several 
studies were affected by residual or 
unmeasured confounding. In addition, 
important medical variables and con-
ditions potentially related to cognition, 
such as diabetes, hypertension, circu-
latory function, thyroid function, and 
HCV coinfection, were not included in 
the statistic models or the results of the 
analyses were not discussed in detail. 
Although 45 of 52 studies collected in-
formation on current CD4+ cell count, 
the nadir CD4+ cell count was reported 
in only 25 studies; current or nadir  
CD4+ cell count could independently 
correlate with neurocognition.45,46

The Autonomy in Everyday Life

Activities and Instrumental Activities 
of Daily Living

ADL or iADL were tested in 13 of 52  
studies.24,38-40,44,47-53 Seven studies24, 

38-40,47,48,52 documented association of 
neurocognitive impairment with ADL. 
In one study, executive function pre- 

dicted self-reported iADL decline and 
unemployment status in people with 
HIV.47 Similar results were reported by 
Marquine and colleagues, who found  
that worse health conditions and pres-
ence of neurocognitive impairment are 
associated with ADL decline and un-
employment.48 According to Watson  
and colleagues, trauma, economic hard- 
ship, and stress are expected to be as-
sociated with worse neurocognitive 
performance and functional decline 
in people with HIV.38 Two studies de-
scribed correlation of neurocognitive 
impairment and iADL scores in mid-
dle- and older-aged participants.39,40 In 
Erlandson and colleagues’ study, frailty 
and neurocognitive impairment were 
associated with greater risk of falls, dis-
ability, or death in people with HIV.24 

Generally, the role of neurocogni-
tive impairment in the ADL or iADL 
performance of people with HIV is 
controversial in the reviewed literature. 
Although asymptomatic people with 
HIV underperformed in tasks involv-
ing central executive activation and 
showed reduced information process-
ing speed compared with those in the 
control group(s), this was not predictive 
of their ADL performance.50 A similar 
result was reported by Lawler and col-
leagues, who found that people with 
HIV were impaired in attention and 
central executive with no direct conse-
quences in terms of ADL.51 In a study 
by Kamat and colleagues, no clear in- 
volvement of neurocognitive impair-
ment in ADL was found, but people with  
HIV showed symptoms of the apathy 
spectrum that predicted poor ADL.44 In 
another study from the same authors, 
apathy, not executive function, was a 
predictor of iADL performance.49 Simi-
lar results were reported by Sadek and 
colleagues, who found that depressive 
symptoms were more sensitive in pre-
dicting a decline in instrumental iADL 
than neurocognitive impairment, in-
cluding the central executive.53 Few 
studies reviewed herein controlled for 
relevant medical variables such as hy- 
pertension, occurrence of coronary art- 
ery disease, or cerebrovascular events 
in the analyses, which may have led 
to residual confounding (Supplemental 
Table 2).

Employment Status

Employment status was considered in 
11 of 52 studies.47,48,52-60 Correlation 
of neurocognitive performance with  
employment status was found in 8 of 
these 11 studies.47,48,52-54,56,59,60 One  
study in particular showed that neu- 
rocognitive function (including cen-
tral executive performance) together 
with ART status and presence of HCV  
infection were associated with the em- 
ployment indicator.56 A specific con-
tribution of the central executive in 
predicting employment status was also 
described.59 Similar results were found 
by Rabkin and colleagues, who report- 
ed that the executive function was a 
significant predictor of employment 
status,60 and by Heaton and colleagues, 
who found a correlation between em-
ployment status and neurocognitive 
performance, including testing of the 
central executive, attention, and execu-
tive function.52 Sadek and colleagues 
also reported that neurocognitive im- 
pairment was predictive of employ- 
ment status, but the contributions of 
the central executive, attention, or ex- 
ecutive control were not clear.53 How-
ever, from the preliminary findings of 
a longitudinal study conducted in the 
Netherlands, the TREVI project,55 a spe-
cific contribution of attention, central 
executive, or another neurocognitive 
function in predicting employment sta-
tus in people with HIV did not emerge 
cross-sectionally. These patients aged 
40 to 54 years had significantly lower 
employment rates than the general pop- 
ulation in the Netherlands, and an as-
sociation between employment status 
and depression did emerge. Similarly, 
Atkins and colleagues did not report 
an association between neurocognitive 
impairment and employment status.57 
Moreover, Chernoff and colleagues did 
not find correlations between the cen- 
tral executive or executive function per-
formance and employment status.58 

Making Decisions and Adhering 
to Treatment

Decision Making

The ability to make decisions was dis-
cussed in 5 of 52 studies,61-65 which all 

https://www.iasusa.org/wp-content/uploads/tam/ripamonti/Table-1.pdf
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documented an association with neuro-
cognitive impairment. Gomez and col- 
leagues tested people with HIV using a 
comprehensive neuropsychologic bat- 
tery, including testing of the central ex-
ecutive. Participants were also assessed 
with a decision-making test (Game of 
Dice Task [GDT]). Neuropsychologic 
performance, presence of psychiatric  
comorbidities, and alcohol abuse were 
predictive of GDT performance.61 In a 
study by Fujiwara and colleagues, im-
pairment in GDT performance was 
related to current immune status and 
was associated with executive function 
and processing speed.62 Thames and 
colleagues found that performance in 
a gambling task could be predicted by 
executive function and was partially 
mediated by presence of depression.64 
An effect of central executive impair- 
ment and failure in inhibitory process- 
es on decision making was found by 
Hardy and colleagues.63 

Adherence to ART

Adherence to ART was considered in 
6 of 52 studies.66-71 Association be-
tween neurocognitive impairment, as 
operationalized in this article, and ad-
herence to treatment was documented 
in 2 studies.67,69 Ettenhofer and col-
leagues found that central executive 
performance was predictive of medi-
cal treatment adherence; however, the 
reverse association was also signifi-
cant.67 Another study showed that the 
severity of neurocognitive impairment 
was associated with performance in 
everyday life function in terms of medi-
cation management.69 Childers and 
colleagues found that, during tem-
porary treatment interruption, mood 
state and neurocognitive function 
remained relatively stable, despite 
worsened viral load and CD4+ cell 
count. Nevertheless, improved viral  
suppression and immune restoration  
when reinitiating ART led to an im- 
provement in neurocognitive perfor-
mance.66 By contrast, other authors 
did not describe a clear relationship 
between neurocognitive impairment 
and adherence to treatment. In a study 
by Fong and colleagues, partial drug  

adherence was associated with for- 
getfulness and missing medical ap- 
pointments; this may be linked to long- 
term memory performance and not 
with impairment of the central execu-
tive or supervisory control.68 In another 
study, depression, not neurocognitive 
performance (which included a null 
effect of attention, executive function,  
and processing speed), emerged as a 
predictor of medication adherence, to-
gether with patients’ satisfaction with 
their practitioners.70 

Quality of Life and Psychologic 
Wellbeing

Quality of Life

Quality of life was considered in 8  
of 52 studies.37,54,72-77 Association of  
neurocognitive impairment with re- 
duced quality of life was documented 
in 5 studies.54,72,74,76,77 Harrison and  
colleagues measured central execu-
tive performance with an n-back task  
in a sample of people with HIV, and 
found that the scores were negatively  
correlated with quality of life and de- 
pression.72 Similar results were re-
ported when considering attention and 
processing speed performance.72 In 
a study by Osowiecki and colleagues, 
executive control and processing speed 
were associated with quality of life 
in women with HIV, independent of 
emotional distress.74 Decreased neuro-
cognitive performance, together with 
increased fatigue, determined a worse 
perceived quality of life in a sample of 
clade C-infected patients.76 In a study 
by Catalan and colleagues, everyday 
memory difficulties (with uncertain 
involvement of the central executive), 
anxiety, and depression were associ-
ated with self-reported measures of 
quality of life.37 Other authors did not 
describe association between neuro-
cognitive performance and quality of 
life. In a study by Thein and colleagues, 
neither central executive nor attention 
performance correlated with quality of 
life.73 Apathy, not neurocognitive im- 
pairment or depression, has been re- 
ported in association with a reduced 
quality of life.75 

Psychologic Wellbeing 

Psychologic wellbeing was measured in 
3 of 52 studies.78-80 Two studies report- 
ed association between this outcome 
and neurocognitive impairment.79,80 
The performance in executive function 
and processing speed tasks correlated 
with reduced psychologic wellbeing de-
fined by variables such as recreational 
drugs, irritability, and somatic com-
plaints.79 Impairment of processing 
speed could be associated with high 
levels of anxiety and depression and 
with reduced psychologic wellbeing.80 
However, in another study, the central 
executive, but not other cognitive func-
tions, was significantly impaired in a 
sample of people with HIV, but this was 
not predictive of patients’ psychologic 
wellbeing.78 

Mental Health

Depression

Depression was targeted in 10 of 52 
studies.36,57,72,80-86 An association be- 
tween neurocognitive impairment and 
depression was reported in 7 stud-
ies.57,72,80,81,83,85,86 In Chartier and 
colleagues’ study, attention and central 
executive performance emerged as 
predictors of depression.81 In another 
study, central executive and processing 
speed performance were associated 
with depression.72 Processing speed 
was also associated with depression  
in the investigation by Janssen and col- 
leagues.80 Four other studies docu- 
mented an association between de- 
pression and neurocognitive impair- 
ment, including testing functions re- 
sponsible for supervisory control.57, 
83,85,86 However, one study did not find 
a correlation between impairment of 
attention or executive control and de- 
pression in a sample of people with 
HIV aged 50 to 59 years.36 Similar re- 
sults were obtained by Kamat and col- 
leagues, who reported that neurocog- 
nitive function was not associated with 
depression.44 Lifetime alcohol and mar- 
ijuana consumption did not predict 
performance in tasks involving activa-
tion of the central executive, and there 
was no association with depression,  
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but there was an association with ad-
verse medical outcomes.82 Intellectual 
and central executive function, age, 
and somatic symptoms of depression 
(but not education) were significant 
predictors of HIV disease progression 
and survival, but the association be-
tween neurocognitive impairment and 
depression was unclear.84 

Apathy 

Apathy was considered by 4 of 52 
studies41-44; association with neurocog-
nitive impairment was found in 2 of 
the 4.42,43 Castellon and colleagues re-
ported association of central executive 
and executive function performance 
with apathy,43 although in a study by 
Shapiro and colleagues, processing 
speed and attention, not central ex-
ecutive performance, were associated 
with apathy.42 However, 2 studies did 
not find an association between neuro-
cognitive performance and apathy.41,44 

Anxiety

Anxiety was considered in 3 of 52 stud- 
ies80,85,86; all of these studies docu- 
mented the association under inves- 
tigation. A correlation between neuro- 
cognitive performance and anxiety,  
with no specific involvement of the  
central executive, was found in a fol- 
low-up study on the effects of efavi-
renz.86 According to Robertson and 
colleagues, neurocognitive status, in-
cluding testing of functions involved 
in the supervisory control, was associ-
ated with anxiety.85 In another study, 
impairment of processing speed cor-
related with anxiety.80 

Discussion

Neurocognitive impairment in people 
with HIV persists in the ART era.87,88 
A large-sample multisite study89 dem-
onstrated the presence of deficits in 
cognition in approximately 52% of peo-
ple with HIV. About 33% of participants 
had asymptomatic cognitive disorders, 
12% had mild neurocognitive impair- 
ment, and 2% had HIV-associated de- 
mentia. Although poor neuropsycho-
logic function is a significant predictor 

of mortality in people with HIV,90 the 
picture is less clear concerning the se-
quelae of neurocognitive impairment in  
patients’ everyday life functions. Cen-
tral executive, attention, executive, and 
processing speed functions have often 
been described as impaired in people 
with HIV,78,91 but the consequences of 
such deficits, in terms of everyday life 
outcomes, are far from understood. 

Autonomy in Everyday Life

From the current literature review, 7  
studies24,38-40,47,48,52 documented an  
association between neurocognitive  
impairment and deficit in ADL. In one 
of these studies,52 although partici-
pants were young (mean age, 39.3  
[standard deviation, 7.5]), they had  
relatively advanced stages of dis- 
ease (34% had Centers for Disease Con- 
trol and Prevention [CDC] stage C dis-
ease, 58% had AIDS, and the mean 
CD4+ count was 365.5 [standard devia- 
tion, 267]). Other studies described un- 
certain or nonsignificant relationship 
between neurocognitive impairment 
and ADL or iADL.44,49-51,53 Three of 
these studies44,49,53 reported an as-
sociation between mental health and 
performance in ADL or iADL. Based 
on current evidence, we may assume 
that in patients treated with ART and 
with restored immunologic function, 
neurocognitive impairment may be 
associated with ADL or iADL. The rela-
tionship could be mediated by mental 
health or other unmeasured factors. 
For patients with relatively advanced 
disease or who are older, neurocogni-
tive impairment could likely lead to 
a reduction of performance in ADL 
or iADL. Both aging and HIV disease 
progress may independently impact 
neurocognitive function, including a 
person’s central executive, processing 
speed, and executive function.22 

Aging is particularly important in 
contemporary ART research because 
currently more than 50% of people with 
HIV are 50 years or older. In the large 
MACS (Multicenter AIDS Cohort Study) 
investigation,22 age was described as a 
variable independently associated with 
episodic memory and motor function 
performance. The relationship between  

neurocognition and ADL or iADL in peo- 
ple with HIV in the transition phase (ie,  
50-60 years of age) or older was ex- 
amined by 3 studies reviewed here- 
in.24,39,40 These studies described the 
association as under investigation.24 

One study reported that advances 
in ART contributed to decreases in dis- 
ability rates in people with HIV.92 Nev-
ertheless, these rates remain higher 
than those reported in the general  
population. Thus, people with HIV are 
still potentially at risk for problems in 
ADL or iADL, especially at age 50 years 
and older, and should be prospectively 
monitored. Results of the neuropsy-
chologic literature reported herein are 
in conflict in that no specific role of 
the central executive, attention, execu-
tive function, or processing speed has 
been demonstrated in determining a 
decline in ADL or iADL. One possible 
explanation was provided by Scott and 
colleagues, who showed that multi-
tasking, not the activation of a single 
neuropsychologic function, is crucial in 
predicting iADL impairment in people 
with HIV.93 

It has been suggested that health, 
not HIV status, could be related to 
performance at work among people 
with HIV.94 Contrary to this position, 
a national survey conducted in France 
concluded that even though the condi-
tions among people with HIV in 2015 
were far better than those observed 
in 2000 or before, unemployment is 
still an issue in this subpopulation.95  
Further, financial hardship may be re- 
levant for people with HIV, especially 
among ethnic minorities.96 Job secur- 
ity, not only employment, is an im-
portant predictor of mental health in 
people with HIV.54 In this regard, uni-
versity graduation and being 40 years 
of age or older are protective factors for 
successful employment. A recent study 
highlighted the positive relationship 
between being employed and mood in 
people with HIV.97 By contrast, 3 risk 
factors for lower job security include 
frailty, HIV disease severity, and HCV 
coinfection98; the specific role of CD4+ 
cell count has not been determined.99 

In the pre-ART era, people with HIV 
experienced several limitations restrict- 
ing their ability to work and were 
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frequently on work disability.97 In the 
ART era, many patients can continue 
working or return to work, or they are 
now transitioning to retirement.100 Un-
employment is still associated with 
higher AIDS-related or non-AIDS-relat- 
ed mortality.101 Nevertheless, employ-
ment among people with HIV should  
be carefully considered, given that the 
proportion of people with HIV receiv-
ing disability benefit awards may affect 
the measurement. From the present 
review, it emerged that neurocognitive 
function, especially in terms of the cen-
tral executive, attention, and executive 
function, is correlated with employment 
status.47,48,52-54,56,59,60 This result was 
not confirmed by data from the TREVI 
project,55 but such discrepancy could 
be explained by the fact that different 
studies tested patients of different 
age cohorts (eg, Kordovski et al56 and  
van Gorp et al59 considered patients in 
their 30s and early 40s years of age,  
while Wagener et al55 enrolled patients  
in their late 40s and 50s years of age). 
We also remark that the impact of 
the central executive, attention, and 
executive function in predicting the 
employment status of people with 
HIV should be studied in conjunction 
with the role of prospective memory, 
another predictor of employment sta-
tus102 not targeted in this review. It has 
also been shown how less educated 
people with HIV could be at higher 
risk of unemployment,103 which might 
suggest a protective effect of cognitive 
reserve. 

Capacity to Make Decisions and 
Adherence to Treatment

A noteworthy result of this review is 
that the central executive, processing 
speed, and executive function perfor-
mance of a person are predictive of their 
decision-making ability.61-64 As such, it 
may provide a neurocognitive hypoth-
esis of why some people with HIV are 
exposed to certain risk behaviors, such 
as substance use and gambling. Apart 
from mental health and social fac-
tors, there could be a purely cognitive 
component that explains why these 
patients are impaired in their risk be-
haviors and decision-making skills. 

This finding also highlights the impor-
tance of early psychologic intervention 
in people with HIV who show risky be-
haviors in everyday life.

In the literature, low CD4+ cell count, 
anxiety,104 and depression105,106 have 
already been associated with poor ad-
herence to ART. An important question 
concerns whether or not neurocogni-
tive impairment could directly impact 
treatment adherence. Results from this 
review are not converging. On the one 
hand, 2 studies documented a possible 
effect of neurocognitive performance, 
in particular the central executive.67,69 
On the other hand, 3 studies found a 
null or uncertain effect of the central 
executive, attention, or supervisory 
control.66,68,70 We suggest that the in-
terplay with other neuropsychologic 
functions, such as prospective mem-
ory, could be important in this regard. 
We also note that one study found that 
cognitive performance was associated 
with patients’ abilities to navigate the 
Internet to complete important health-
related tasks (eg, online pharmacy and  
health records navigation). These act- 
ivities require central executive, atten-
tion, processing speed, and executive 
function integrity, which may be re-
lated to adherence to ART.107 

Quality of Life and Psychologic 
Wellbeing

Recent research has focused on the 
roles of mental health108 and social sup-
port109 in determining quality of life in 
people with HIV. Important conditions  
such as the presence of depressive 
symptoms or pain have been associ-
ated with reduced quality of life.110 One 
study also reported that time since HIV 
diagnosis is more important than a 
person’s age in defining quality of life 
in people with HIV.111 Biologic param-
eters, such as immune activation and 
viral load, also seem to be related to 
this outcome.112 However, the role of 
neurocognitive impairment, which 
was addressed in this review, seems 
uncertain. 

Three studies reviewed herein show- 
ed the specific role of neurocognitive 
impairment on quality of life.72,74,76 
In particular, Harrison and colleagues 

found an association between central 
executive, attention, and processing 
speed performance and quality of life,72  
and Osowiecki and colleagues docu-
mented the contribution of executive 
control and processing speed.74 How- 
ever, other studies failed to find a spe- 
cific and independent role of these 
functions in quality of life.37,73,75 This 
discrepancy may be explained by the  
different tasks used by different au-
thors, by the different strategies of 
controlling for confounding, and by the 
possibility of residual or unmeasured 
confounding. 

Two studies reported an association 
between psychologic wellbeing and 
performance in executive function and 
processing speed.79,80 Although test-
ing for neuropsychologic performance 
and psychologic wellbeing, one study 
did not describe an association.78 We  
may assume a mediating effect played 
by mental health (which was not ex-
plicitly tested by the authors). Indeed, 
absence of depressive or anxiety symp-
toms could protect the psychologic 
wellbeing of patients with mild or well-
controlled neurocognitive problems.

Mental Health 

Depression is a common comorbidity 
in people with HIV and is associated 
with the presence of other chronic dis-
eases113 and anxiety.114 In the ART era, 
both depression and neurocognitive im- 
pairment remain prevalent and are as- 
sociated conditions in people with HIV.  
This was recently confirmed by data 
from the European-Canadian network 
sCReen for Anxiety, depression, and 
Neurocognitive Impairment in HIV+ 
patients (CRANIum), where about 40%  
of screened participants tested positive 
for neurocognitive impairment and 
about 16% had depression.85 Accord-
ing to Todd and colleagues, depressive 
symptoms are commonly reported 
in about 30% of people with HIV and 
are associated with mortality.115 HAND 
can arise relatively independent of de-
pression and is not a simply reactive 
disturbance.116 A longitudinal study 
found that lifetime major depressive 
disorders were associated with cog-
nitive problems in everyday life, and 
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difficulty increased at times of incident 
major depressive episodes. Individu- 
als with incident major depressive epi- 
sodes did not show consistent neuro-
psychologic decline.117 

Results of this review indicate an  
association between neurocognitive  
impairment and depression.57,72,80,81, 

83,85,86 In particular, an association be- 
tween attention, central executive per- 
formance,72,80 and processing speed 
was documented.72,80 Although nega-
tive results have been reported in the 
literature,36,44,82 most studies described 
a correlation. It is difficult to ascertain 
the prevalent direction of this associa-
tion, for which more evidence coming 
from large-sample longitudinal stud-
ies is needed. With the current state 
of knowledge, we may assume that 
targeting neurocognitive function as 
a specific goal of an intervention with 
people with HIV could also lead to bene-
fits in terms of mental health. 

Presence of depressive symptoms 
and impairment in executive control 
emerged as 2 independent predictors of 
meta-memory performance,118 which  
may explain why people with HIV who 
report both neurocognitive impair-
ment and depressive symptoms have 
difficulty managing several tasks of 
everyday life, such as keeping track of 
medical appointments and drug adher-
ence. Though potentially meaningful, 
to our knowledge this possible explana-
tion has not been explored in depth. It is 
also worth observing that from 1 study 
reviewed herein,82 important factors re-
lated to mental health, such as current 
and lifetime alcohol use and marijuana 
consumption, although associated with 
adverse medical outcomes, were not 
associated with performance in central 
executive and attention tasks.

The correlation between neurocog-
nitive impairment and depression in 
people with HIV is well documented; 
however, the picture is much more frag- 
mented in regards to apathy. Apathy  
was described in association with neu-
rocognitive performance in 2 of the 
reviewed studies,42,43 but not in oth-
ers.41,44 Apathy is related to the activity 
of the motivational system,119 which 
is relatively independent of the cen-
tral executive, attention, or processing 

speed performance. This may explain 
the negative results (ie, no association 
of apathy with the neuropsychologic 
performance) reported in the literature.

All studies analyzed in this review de- 
scribed an association between neu- 
rocognitive impairment and anxiety.80, 

85,86 This provides converging evidence 
with the early findings by Hestad and 
colleagues,120 who reported that cen-
tral executive and processing speed 
difficulties were associated with anxi-
ety in people with HIV. Even though 
the direction of the association is un- 
certain, the presence of anxiety symp-
toms should be specifically targeted by 
clinicians, which may lead to careful 
longitudinal monitoring for presence 
of cognitive decline. A factor related 
to anxiety that has not been specifi-
cally addressed in this review is stress 
and post-traumatic stress. A study con- 
ducted with the WIHS (Women’s Inter-
agency HIV Study) cohort121 showed  
that stress and post-traumatic stress 
correlate negatively with neurocogni- 
tive performance, even though the out- 
comes on everyday life function have 
not been explored. Early childhood 
trauma should be discussed in rela-
tion to cognitive impairment, mental 
health, and everyday life outcomes. An- 
other WIHS investigation found that for 
women who have experienced early 
life trauma, resilience can be protec-
tive in terms of depression and quality 
of life.122 However, the relationship 
between early childhood trauma and 
neurocognitive impairment is still to 
be clarified.

Fatigue is another important vari-
able, well known to many people with  
HIV and clinicians. One study docu- 
mented the association of neurocogni-
tive impairment with fatigue in people 
with HIV.123 Because fatigue has also 
been described as associated with de-
pression and anxiety in people with 
HIV,124 all these variables should be 
studied together and inserted in a dy-
namic model to understand possible 
pathways toward personalized care. 
The role of HCV coinfection should also 
be explored more in depth,125 as well 
as its association with fatigue and ADL 
or iADL performance.126 

Substance use is another relevant 
factor related to mental health that 
is connected with everyday life out-
comes. A study conducted on the MACS 
cohort127 found that cocaine use in peo-
ple with HIV led to a 3-fold–increased 
risk of depressive symptoms. Another 
MACS investigation128 showed that in 
the years 1984 to 2013, marijuana use 
decreased in people with HIV, but daily 
use among users increased; cigarette 
smoking and alcohol consumption  
were positively correlated with mari-
juana use. Together, these findings 
indicate the importance of substance 
use as a plausible mediating or mod-
erating factor between neurocognition 
and everyday life outcomes. 

Limitations

In the last 20 years, knowledge of ev-
eryday life outcomes in people with HIV 
has progressed considerably; neverthe-
less, there are still many issues open 
for future research. Limitations of the 
current literature include scarce con-
sideration of disease stage, nadir CD4+ 
cell count, virologic suppression, illness 
consequent to opportunistic infection 
and inflammation, blood parameters 
such as dyslipidemia or insulin resis-
tance,59 and brain measures such as 
axonal injury.129 The relationship and 
interplay of these parameters with neu-
rocognitive impairment and everyday  
life outcomes are still unclear. Sex also 
appears to play a role in neurocognition 
in people with HIV; women seem more 
affected by neurocognitive impairment  
than men,21 but the relationship to ev-
eryday life function is not clear. Other 
important variables that should be 
assessed in conjunction with neuro-
cognitive performance and everyday 
life outcomes are quality of sleep,130 
pain,131 presence of cumulative stress-
ful events,132 physical performance,40 
social support, and quality of intimate 
relationships. The role of polyphar-
macy in relation to cognition and ADL 
or iADL should be assessed. A recent 
study found that people with HIV aged 
50 years or older are at risk for in-
creased and sustained polypharmacy. 
This could have a relevant impact on 
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neurocognition and autonomy in dai- 
ly living.133 Finally, most studies mainly 
enrolled patients aged 30 to 59 years, 
so everyday life outcomes of people 
with HIV who are 20 to 29 years old 
should be specifically targeted for fu-
ture research.

Conclusion

In general, neurocognitive impairment 
in people with HIV is associated with 
everyday life outcomes, particularly 
with ADL or iADL, problems at work 
and employment status, decision-mak-
ing ability, and psychologic wellbeing. 
The relationship between quality of 
life and adherence to treatment is de-
bated because nonconverging results 
have emerged in the contemporary lit- 
erature. Other intervening factors, such 
as mental health, could have an impact 
and mediate the relationship. More-
over, even though there is converging 
evidence suggesting correlation of neu-
rocognitive impairment with everyday 
life outcomes in chronic HIV disease, 
the strength of this association, the 
relationship with specific biomarkers, 
and the effect of existing modifiers are 
still to be clarified. Together, these find-
ings imply the need for policy makers 
to invest more resources into the in-
vestigation of the neuropsychology of 
HIV, especially considering progress in 
life expectancy of people with HIV. This 
should also be studied in light of the ef-
fects of SARS-CoV-2 infection in those 
with HIV.134 The multidisciplinary in-
tervention strategy for people with HIV 
may be remodulated, particularly in 
terms of longitudinally monitoring the 
neuropsychologic function and its in-
teraction with mental health. Ecologic 
outcomes, such as quality of life and 
psychologic wellbeing, should be rou-
tinely assessed. 
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