
Finding a Cure for HIV: Much Work to Do

Antiretroviral therapy (ART) for HIV infection was one
of the most spectacular scientific advances in recent

decades. Patients who initiate ART at the right time can
now have a normal life expectancy, and ART also dramat-
ically reduces the risk for HIV transmission. However,
treatment is not perfect. Lifelong ART is required, there
are associated short- and long-term toxicities, and the
drugs and health systems required to keep persons in long-
term care come at a considerable cost (1). Therefore, there
is a significantly renewed effort to find a cure for HIV (or
a way to put HIV into remission) so patients can safely
stop ART but keep their virus under control.

The reasons why ART cannot currently cure HIV are
complex. The major barrier is the long-term persistence of
latently infected resting T-cells, with virus integrated into
the host genome but not actively replicating (2). Latently
infected cells are established early after infection; are en-
riched in tissue sites, such as the gastrointestinal tract; and
likely have preferential expansion or homeostatic prolifer-
ation leading to an extremely long half-life (3). Other long-
lived infected cells, such as naive T-cells, astrocytes, or mi-
croglia, may also play a role.

In this issue, Henrich and colleagues (4) report an
in-depth study of 2 patients with HIV who had “transient”
HIV remission after stopping ART after hematopoietic
stem cell transplantation (HSCT) for hematologic tumors.
The patients were receiving suppressive ART and had
HSCT with reduced-intensity irradiation and immuno-
suppression with tacrolimus, sirolimus, and methotrexate.
Graft-versus-host disease developed in both patients,
requiring additional treatment with prednisone. Nine
months after HSCT, neither patient had detectable HIV
DNA in his blood, a fairly crude measure of long-lived,
latently infected resting T-cells that, if anything, overesti-
mates the amount of residual infectious virus. HIV RNA
and DNA were not detected in their blood in several sub-
sequent tests, including using leukapharesis to collect many
resting T-cells. In one patient, HIV DNA was not detected
in rectal tissue. However, once ART was stopped 2 and 4
years after HSCT, the virus returned, albeit later than
usual. Instead of the usual 1 to 4 weeks, it returned at 12
and 32 weeks. Viral rebound in blood was extremely rapid
and was associated with classical symptoms of HIV sero-
conversion, and ART was reinstated, eventually resulting
in effective virus control. Given that the patients had ac-
quired a new “naive” immune system from a donor with-
out HIV, there was no detectable HIV-specific T-cell re-
sponse and waning HIV antibody levels before ART
cessation.

There are some similarities but also many differences
among these cases and the highly publicized “Berlin pa-
tient,” Timothy Brown. The Berlin patient received an
HSCT from a donor who did not express the key corecep-

tor for HIV (the chemokine receptor gene, CCR5) and was
therefore naturally resistant to HIV (5), whereas the pa-
tients in Henrich and colleagues’ study received stem cells
from donors that expressed CCR5. The Berlin patient
stopped ART soon after transplantation, whereas the pa-
tients in Henrich and colleagues’ study received ART for a
prolonged period to protect their new hematopoietic sys-
tem from infection. There were differences in the condi-
tioning regimens used, including the intensity of radiation
and degree of immunosuppression, but importantly, the
Berlin patient also had significant graft-versus-host disease.
Finally and most significantly, the Berlin patient has not
received ART for 6 years, has virtually no virus detected in
blood or tissue (6), and remains the only patient truly
cured of HIV.

There are also some similarities and differences among
these cases and the highly publicized Mississippi baby (7).
The Mississippi baby was infected with HIV at birth and
received ART within 30 hours of delivery. Antiretroviral
therapy was continued for 18 months and then stopped.
Very low traces of the virus were detected in some cells, but
the virus stayed at undetectable levels in plasma (for a re-
markable 27 months) and then rebounded (7). As with the
patients in Henrich and colleagues’ study, viral rebound
was significantly delayed compared with any previous re-
ports, HIV DNA test results were largely negative after
ART, and there was no detectable HIV-specific immune
response, at least before rebound (neither antibodies nor
HIV-specific T-cells).

However, despite these differences and the fact that
HSCT will never be used as a strategy to cure HIV given
toxicity and cost and very early ART after infection is not
a feasible intervention for persons already infected with
HIV, all 4 cases have much to teach us. These lessons are
likely to significantly influence future avenues of research
to find an HIV cure.

What did we learn from the patients in Henrich and
colleagues’ study? The good news is that it is possible to
significantly reduce the number of long-lived, latently in-
fected T-cells that persist in patients receiving ART and
that this reduction was associated with a significant delay
in viral rebound once ART was stopped. This was also
demonstrated in the Mississippi baby.

The rest was not good news. We learned that the cur-
rent assays we have to measure virus while patients are
receiving ART are not sensitive enough to detect residual
infectious virus and are not known to predict the critical
clinical end point of when and whether virus rebounds
after stopping ART. A robust biomarker that can predict
viral rebound remains one of the most important currently
unanswered questions in the field. We also learned that
long-term remission of HIV will likely need more than just
a decrease in the number of latently infected T-cells. Other
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sources of virus and a boost or at least some level of effec-
tive immune control may also be important. The most
sobering result was that these cases, along with the Missis-
sippi baby, have raised the possibility that total elimination
of every virus or infected cell simply may not be possible.

Which component of the regimen used in Henrich
and colleagues’ study so dramatically reduced HIV DNA?
Bone marrow irradiation and chemotherapy alone have not
previously been found to reduce long-lived, latently in-
fected cells (8). Immunomodulatory drugs, such as siroli-
mus, may have played a role, as recently reported in a study
of patients with HIV after kidney transplantation (9).
However, the process of graft-versus-host disease or “graft-
versus-leukemia” (or in this case, “graft–versus–latent res-
ervoir”) may have been critical. The expanding under-
standing of the immunology of the graft-versus-host
response after transplantation (10), including the role of
the innate immune response (specifically natural killer
cells) and T-cells may be key in finding new ways to elim-
inate latency.

More tractable and scalable approaches than HSCT
and very early ART are clearly needed for the 35 million
persons already infected with HIV who will all eventually
require lifelong treatment. One approach is to “purge” the
virus from long-lived, latently infected T-cells. Several clin-
ical trials of latency-reversing agents (including several his-
tone deacetylase inhibitors and the antialcoholism drug,
disulfiram) have recently been examined in patients with
HIV receiving ART. Although each of these trials have
shown some modest evidence of activation of virus from
latency, no study has yet shown any change in the amount
of residual infectious virus or HIV DNA (1). It is likely
that purging alone will not be enough and a boost to the
immune system may still be needed through either vacci-
nation or immune modulation.

The modification of CD4� T-cells to make them re-
sistant to HIV using gene therapy may be another prom-
ising yet invasive and expensive strategy. The elimination
of CCR5 expression, a strategy inspired by the Berlin pa-
tient’s success, using zinc-finger nuclease treatment of cir-
culating T-cells has recently been shown to be feasible and
safe in patients with HIV receiving ART (11). The chal-
lenge now will be to find ways to boost the numbers of
modified cells. The even greater long-term challenge will
be to ensure that any high-tech cure, such as gene ther-
apy, is ultimately accessible, particularly in low-income
countries.

In the early 1990s, Time Man of the Year and prom-
inent HIV researcher David Ho paraphrased former U.S.
president Bill Clinton when he said, “It’s the virus, stupid,”
to emphasize the importance of understanding the virus’s
primary role in the pathogenesis of AIDS. However, in the
case of finding a cure for HIV, it may not all be just about
the virus. The amount of residual infectious virus left after
ART and an effective immune response are both likely to

be key in achieving HIV remission. The patients in Hen-
rich and colleagues’ study have demonstrated that we still
have much work to do.

Sharon R. Lewin, FRACP, PhD
Alfred Health, Monash University, and Burnet Institute
Melbourne, Victoria, Australia

Disclosures: Disclosures can be viewed at www.acponline.org/authors
/icmje/ConflictOfInterestForms.do?msNum�M14-1573.

Requests for Single Reprints: Sharon R. Lewin, FRACP, PhD, Depart-
ment of Infectious Diseases, Alfred Hospital, Level 2, Burnet Building,
85 Commercial Road, Melbourne, Victoria, 3004, Australia; e-mail,
s.lewin@alfred.org.au.

This article was published online first at www.annals.org on 22 July
2014.

Ann Intern Med. doi:10.7326/M14-1573

References
1. Maartens G, Celum C, Lewin SR. HIV infection: epidemiology, pathogene-
sis, treatment, and prevention. Lancet. 2014. [PMID: 24907868] doi:10.1016
/S0140-6736(14)60164-1
2. Chun TW, Carruth L, Finzi D, Shen X, DiGiuseppe JA, Taylor H, et al.
Quantification of latent tissue reservoirs and total body viral load in HIV-1
infection. Nature. 1997;387:183-8. [PMID: 9144289]
3. Maldarelli F, Wu X, Su L, Simonetti FR, Shao W, Hill S, et al. Specific HIV
integration sites are linked to clonal expansion and persistence of infected cells.
Science. 2014. [PMID: 24968937]
4. Henrich TJ, Hanhauser E, Marty FM, Sirignano MN, Keating S, Lee TH,
et al. Antiretroviral-Free HIV-1 Remission and Viral 1 Rebound After Allogeneic
Stem Cell Transplantation. Report of 2 Cases. Ann Intern Med. 2014;161:●●●–
●●●. doi:10.7326/M14-1027
5. Hütter G, Nowak D, Mossner M, Ganepola S, Müssig A, Allers K, et al.
Long-term control of HIV by CCR5 Delta32/Delta32 stem-cell transplan-
tation. N Engl J Med. 2009;360:692-8. [PMID: 19213682] doi:10.1056
/NEJMoa0802905
6. Yukl SA, Boritz E, Busch M, Bentsen C, Chun TW, Douek D, et al.
Challenges in detecting HIV persistence during potentially curative interventions:
a study of the Berlin patient. PLoS Pathog. 2013;9:e1003347. [PMID:
23671416] doi:10.1371/journal.ppat.1003347
7. National Institute of Allergy and Infectious Diseases. “Mississippi Baby”
Now Has Detectable HIV, Researchers Find [news release]. Bethesda, MD: Na-
tional Institute of Allergy and Infectious Diseases; 10 July 2014. Accessed at
www.niaid.nih.gov/news/newsreleases/2014/Pages/MississippiBabyHIV.aspx on
10 July 2014.
8. Cillo AR, Krishnan S, McMahon DK, Mitsuyasu RT, Para MF, Mellors
JW. Impact of chemotherapy for HIV-1 related lymphoma on residual viremia
and cellular HIV-1 DNA in patients on suppressive antiretroviral therapy. PLoS
One. 2014;9:e92118. [PMID: 24638072] doi:10.1371/journal.pone.0092118
9. Stock PG, Barin B, Hatano H, Rogers RL, Roland ME, Lee TH, et al; for
Solid Organ Transplantation in HIV Study Investigators. Reduction of HIV
persistence following transplantation in HIV-infected kidney transplant recipi-
ents. Am J Transplant. 2014;14:1136-41. [PMID: 24698537] doi:10.1111
/ajt.12699
10. Markey KA, MacDonald KP, Hill GR. The biology of graft-versus-host
disease: experimental systems instructing clinical practice. Blood. 2014. [PMID:
24914137]
11. Tebas P, Stein D, Tang WW, Frank I, Wang SQ, Lee G, et al.
Gene editing of CCR5 in autologous CD4 T cells of persons infected with
HIV. N Engl J Med. 2014;370:901-10. [PMID: 24597865] doi:10.1056
/NEJMoa1300662

This online-first version will be replaced with a final version when it is included in the issue. The final version may differ in small ways.

Editorial Finding a Cure for HIV: Much Work to Do

2 Annals of Internal Medicine www.annals.org

Downloaded From: http://annals.org/ by Jules Levin on 07/24/2014

http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M14-1573
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M14-1573
mailto:s.lewin@alfred.org.au
http://www.annals.org
http://www.niaid.nih.gov/news/newsreleases/2014/Pages/MississippiBabyHIV.aspx

