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The Last Gift
HIV currently infects over 37 million indi-
viduals worldwide (1). Although advances 
in the use of combination antiretroviral 
therapy (ART) have resulted in substantial 
improvements in morbidity and mortality 
from HIV infection, as the HIV epidemic 
has matured, new challenges have aris-
en. Adverse side effects from ART, the 
presence of ongoing immune activation 
contributing to comorbid disease, and the 
potential for the emergence of resistance 
to ART all contribute to decreased quali-
ty of life for infected individuals. As such, 
the current state of the epidemic remains 
unacceptable, and new approaches to cure 
HIV are a public health imperative.

There are now several examples of 
individuals who have been cured of HIV as 
the result of bone marrow transplantation 
for comorbid neoplasms, demonstrating 
that eradication is possible (2, 3). There are 
also examples of individuals who have con-
trolled viremia without ART, either natu-
rally (4, 5) or after a period of suppression 
of viremia with ART (4, 6). New studies to 
develop feasible and scalable strategies to 

cure or control HIV without ART represent 
fundamental research priorities. Strong 
commitments from governmental and pri-
vate organizations support initiatives that 
are highly collaborative (e.g., AIDS Clini-
cal Treatment Groups, Cure Collaborato-
ries) and that directly engage communities 
of affected individuals have established a 
solid foundation to approach HIV eradica-
tion. The Last Gift autopsy program is one 
example of such a collaboration. In this 
issue of the JCI, Chaillon and colleagues 
explored HIV-infected cells in anatomic 
compartments obtained from six individu-
als who underwent a rapid autopsy proce-
dure under the Last Gift protocol (7).

Cycles of HIV infection
HIV replication is rapid and error prone, 
and left untreated, infected cells produce 
genetically diverse viral populations that 
are widely distributed throughout the body. 
Although HIV infects cells of lymphoid and 
myeloid origin, highly activated lympho-
cytes comprise the vast majority of HIV- 
infected cells (>99.9%) responsible for 
virus production. These cells are relatively 

short lived and are eliminated within days 
of infection. Since replication is error prone 
and most infected cells carry a defective 
virus due to mutations and/or deletions, 
a relatively small proportion of infected 
cells contain proviruses that can produce 
infectious HIV. Ongoing cycles of infection 
provide a constant source of newly infect-
ed cells to maintain a relatively stable level 
of steady-state viremia. A small fraction of 
infected cells that revert to a resting state 
are not eliminated and may persist for pro-
longed periods (8). In addition, HIV infects 
cells of myeloid origin, including macro-
phages (9) and microglial cells (10) that 
may also persist for prolonged periods in a 
tissue-specific manner.

The introduction of combination 
therapy completely blocks HIV replica-
tion, interrupts ongoing virus transmis-
sion, and disrupts the balance established 
by cycles of HIV infection, virus produc-
tion, and cell elimination (11). Short-lived 
infected cells are eliminated and not 
replaced, and viremia declines 10–100 
fold during the first weeks of ART. HIV 
viremia continues to decline after this 
initial phase, but more slowly, indicat-
ing that the cells responsible for residual 
viremia have longer half-lives. Analysis 
of plasma HIV decay kinetics revealed 
that cells producing residual viremia have 
half-lives of roughly 14 days, 39 weeks, 
and 110 weeks (12, 13). Following decay, 
a low but detectable level of viremia 
remains in most patients despite years of 
ART. Levels of HIV DNA are also reduced, 
although the declines (10- to 30-fold) are 
less substantial than noted plasma RNA 
reductions (14, 15). Remaining infected 
cells include cells with infectious pro-
viruses, which represent an important 
target for eradications and can produce 
viral RNA and protein that are possible 
sources of ongoing immune activation in 
individuals undergoing ART (16, 17). As 
a result, understanding the mechanism 
of persistence of all infected cells during 
ART is a topic of intense interest. Follow-
ing ART induction, a number of studies 
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Currently, the incidence of HIV infection exceeds the death rate from HIV, 
and as a result, the prevalence of individuals living with the infection 
continues to increase. A critical limitation preventing the development of 
curative strategies is the lack of knowledge regarding mechanisms that 
allow HIV-infected cells to persist in individuals during combination antiviral 
therapy (ART). In this issue of the JCI, Chaillon and coworkers assessed 
HIV-infected cells from various anatomic compartments obtained through a 
rapid autopsy program of individuals undergoing long-term ART. This study, 
made possible with strong community collaboration, provides new insights 
on the potential locations of reservoirs of HIV-infected cells that persist 
during therapy.
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clone. These putative clonal members 
were detected in a number of tissues and 
provide useful insights into how infect-
ed cells are distributed in individuals 
(Figure 1) (7). Recently, Patro et al. (32) 
demonstrated that proviruses with near-
ly identical sequences may actually have 
different integration sites and may result 
from infection of identical viruses within 
different cells. Bioinformatic analyses are 
available to provide probabilities that iden-
tical sequences are clonal, and additional 
studies including integration site analy-
sis will be necessary to identify authentic 
clones. In addition, correlations with pri-
mate studies, in which defined, “barcod-
ed” viruses used for infection can permit 
precise tracking in anatomic locations (33), 
will shed additional insight on in vivo viral 
dissemination.

Notably, several of the study volun-
teers discontinued ART prior to death, and 
tissue analysis at autopsy revealed infect-
ed cells at multiple anatomical locations. 
Detailed bioinformatic analyses suggested 
that these locations can serve as hubs for 
viral dissemination as active replication 
cycles resume, and that these hubs are the 
source of rebound viremia after ART is 
discontinued (7). With single time-point 
analyses, it is often difficult to determine 
whether virus-infected cells in tissues are 
the origin or the destination of these newly 
infected cells; the patterns of dissemina-
tion and dispersal in tissues were complex 
in these study subjects. In addition, it is 
not clear what proportion of infected cells 
were producing HIV RNA. Previous stud-

Tracking HIV infection across 
tissues
In this issue of the JCI, Chaillon et al. (7) 
obtained tissues from six individuals 
undergoing long-term ART as part of the 
Last Gift protocol, in which autopsies were 
performed within six hours of death. The 
study participants had significant comor-
bidities, and several chose to discontinue 
ART prior to death and had detectable 
viremia at the time of autopsy. Samples 
were obtained from 28 different tissues, 
including CNS tissue. The authors quan-
tified HIV DNA in tissues and used end-
point dilution, single-genome sequencing 
to obtain a set (median of 7) of full-length 
HIV envelope DNA sequences from each 
tissue. Sequences were analyzed to deter-
mine phylogenetic and genetic relation-
ships, and bioinformatic approaches were 
used to track how infected cells dispersed 
and migrated across tissues (7).

HIV DNA was detected in most tissues 
(7). Levels of HIV DNA in CNS tissue were 
low but detectable, consistent with pre-
vious findings that infection of the CNS 
occurs (30) and persists during therapy 
(31). All HIV DNA populations within indi-
viduals were highly related, but evidence 
of compartmentalization within tissues 
could be detected. In general, HIV DNA 
populations were genetically diverse, but 
Chaillon et al. also identified populations 
of proviruses in different tissues that were 
identical in sequence; in the setting of a 
genetically diverse population, repeated 
recovery of identical sequences suggests 
that these proviruses are members of a 

have failed to find evidence of active HIV 
replication cycles even within tissues (18–
22). Rather, cells infected by HIV prior 
to the introduction of ART persist during 
prolonged treatment and undergo clon-
al expansion (23–27). Clones arise early 
after HIV infection is established and per-
sist and expand after ART is initiated (28). 
As a result, HIV is maintained during ART 
by cycles of cell replication, not cycles of 
virus replication.

Much of what has been learned 
regarding HIV cell populations, viral decay 
kinetics, persistence, and clonal expansion 
has been brought to light by analysis of 
plasma and peripheral blood lymphocytes, 
which contain only a small fraction (circa 
2%) of infected cells. Information regard-
ing the anatomic distribution of infected 
cells during prolonged ART is essential 
to understand the formation and mainte-
nance of reservoirs of HIV-infected cells. 
Studies of tissues have identified HIV- 
infected cells, including clones, in lym-
phoid tissue as well as in pathologic tissue 
in individuals with comorbid neoplasms 
(26, 29), and putative clonal sequenc-
es could be detected in diverse tissues 
including lymphoid and CNS (21). Com-
bined with longitudinal sampling of blood 
prior to expiration, such studies revealed 
that analysis of HIV-infected cells in tis-
sues represents an archive of the history of 
HIV infection. In effect, autopsy-derived 
samples represent the “gift of a lifetime” 
of HIV infection in an individual; analysis 
of such tissues represents a compelling 
approach to investigate HIV persistence.

Figure 1. Reservoirs of HIV-infected cells per-
sist during ART. Cells infected with genetically 
diverse HIV variants including clones of cells 
are present throughout infected individuals 
even after prolonged ART. GALT, gut-associated 
lymphoid tissue.
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