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A second patient cured of HIV infection:
hopes and limitations
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On March 5th, 2019, Dr. Ravindra Gupta from University College
London gave a presentation at the Conference on Retroviruses and
Opportunistic Infections (CROI) in Seattle, Washington, USA, on a

second patient that has potentially been cured of human immunodeficiency virus
(HIV) type 1 infection. On the same day, the corresponding article preview was
released in Nature [1]. The patient remained anonymous and was called the
“London patient”. This comes 10 years after Timothy Brown, initially referred
to as the “Berlin patient”, was reported to be potentially cured of HIV [2].
Since no virus has been detected 12 years after Mr. Brown stopped combination
antiretroviral therapy (cART), he is now considered to be cured and, based on his
experience, there is a good chance that the “London patient” has also been cured.

ts certainly bring a great hope to all HIV-infected individuals
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These two patien

iseases, Montreal, Canada in the world. From those successes, several questions remain to determine why

only two patients have been cured 10 years apart, whether similar procedures
are feasible for all infected individuals and what are their limitations.

Allogeneic bone marrow transplants
to cure HIV infection

Timothy Brown contracted HIV and was diagnosed in 1995. He was success-
fully treated with cART, but developed acute myeloid leukemia in 2006. The
“London patient” contracted HIV in 2003, was treated by cART, but developed
Hodgkin’s lymphoma in 2013. The only option to treat both cancers was a bone
marrow transplant from another individual (allogeneic). This is a risky procedure
with possible fatal complications that requires finding the best human leukocyte
antigen (HLA)-compatible donor to avoid graft versus host disease (GVHD) and
an intensive pre-transplant treatment to remove the recipient’s bone marrow [3].
To cure HIV, one possibility was to find a compatible donor who is naturally
resistant to HIV. HIV uses CD4 as a receptor for entry together with a corecep-
tor, which is a chemokine receptor, mostly CCR5 (R5 viruses) or CXCR4 (X4
viruses). About 1% of individuals of Caucasian origin have a homozygous muta-
tion on the CCR5 gene, called CCR5�32/�32, and cannot be infected with R5
viruses. Both patients received an allogeneic hematopoietic stem cell transplant
(HSCT) from an HLA-compatible individual with the CCR5�32/�32 deletion.
Timothy Brown stopped cART one day before his transplant in 2007 and has
since had no detectable virus in blood and tissue samples. He had a relapse
in his leukemia 332 days after his transplant and received a second transplant
from the same donor. Since he was HIV free in the absence of cART before
his second transplant, it is not known whether this event contributed to his cure.
Prior to both transplants, he received total body irradiation and chemotherapy.
The “London patient” had no irradiation, received a reduced intensity condi-
tioning treatment and had a single HSCT in 2016. He discontinued cART in
September 2017, 510 days after his transplant and had no rebound of viremia
nor detectable DNA for 18 months at the time of publication. Timothy Brown
is considered cured while the “London patient” is in remission, but similarities
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etween both cases indicate that a cure may be achieved in
his second case if HIV RNA and DNA remain undetectable
or several years [1, 4].
llogeneic HSCTs have been performed for several years
n HIV+ patients with cancer. In these cases, donors had
ild type CCR5 genes, and although several patients were

ured from their cancer, none were cured from HIV. Two
ndividuals, called the “Boston patients”, had cART free
IV remissions following transplant, but both eventually

xperienced viral rebound, confirming the requirement for
omozygous CCR5�32/�32 deletion to cure HIV infec-
ion [5].
everal other HIV+ individuals received allogeneic HSCTs
ith CCR5�32/�32 cells but did not survive, due to either
cancer relapse, severe GVHD, or other causes [4, 6, 7].
he only individual who survived long enough to make
onclusions about the success of the transplant in curing
IV infection was the “Essen patient” who survived for
year following his transplant but had viral rebound 27 days
fter stopping cART. This was linked to the emergence of
4 viruses (instead of R5) that can infect and replicate in
CR5�32/�32 cells [8]. The different reported attempts
re summarized in table 1. Overall, the “Berlin and the
ondon patients” cases remain exceptional. They may be

ollowed soon by the “Düsseldorf patient” who also has
ndergone allogeneic HSCT from a CCR5�32/�32 donor
nd has been off cART since November 2018 [9]. All these
xamples increase our awareness of the limitations of the
rocedure, but also teach us lessons about how to apply this
nowledge to new treatment options.

imitations to apply the procedure
s a large scale treatment

he next question is now about the possibility of obtain-
ng a similar treatment for all HIV-infected individuals. In
ddition to the high cost of allogeneic HSCT and associated
reatment, it is a very risky procedure and the fatality rate
as been estimated to 10-12% at the time of the transplant,
ut 40-45% after one year [3, 10]. For an HIV+ individual
ith a well-suppressed viremia, the risk is much higher than

aking pills every day. Therefore, the general consensus is to
eserve this procedure for patients with hematologic malig-
ancies that are refractory to standard chemotherapy and

utologous HSCT.
o be successful, all HSCTs require an HLA-compatible
onor to avoid GVHD. The “London patient” was compa-
ible with 9/10 HLA subtypes from the donor, which
rovided a high chance of success [1]. In addition, the only
nown natural resistance to HIV entry is in individuals with
omozygous CCR5�32/�32 mutation. These patients are

E2
rare and finding HLA-compatible donors homozygous for
this mutation has been extremely difficult [11, 12].
Sequencing of the viral envelope gives a good prediction of
the coreceptor usage, but X4 viruses may not be detected
when they are present in low amount in the patient’s
virus stock. This is exemplified by the report about the
“Essen patient” who had a rebound of X4 viruses that
were amplified by the selection against R5 viruses. Viremia
was effectively suppressed by re-initiation of cART, but
this case demonstrates that another limitation of allogeneic
CCR5�32/�32 transplant is its potential to select for X4
capable viruses [7, 8] (table 1).

Strategies to reproduce a similar
procedure using the patient’s own cells

The “Berlin and London patients” represent proof of
concept that a cure for HIV can be achieved, but the steps
to have a therapy that can be widely applied may be long.
Different strategies to mimic this procedure and overcome
the obstacles have been developed. Activating and killing
all HIV-infected reservoir cells is a method that has been
tried but has been unsuccessful so far, due to the difficulty
to identify and reach all cellular and anatomical reservoirs.
Obtaining long-term non-progression after early treatment
and interruption is another approach but has been obtained
only in a limited number of infected individuals. Lock-
ing the virus in an inactive form to prevent reactivation
by using specific compounds has also been proposed and
identifying molecules that can achieve deep latency is the
subject of intense research. The use of clustered regularly
interspaced short palindromic repeats (CRISPR) nucleases
to remove HIV DNA from the cells is very attractive and
can be achieved in cultured cells, but with current delivery
methods it will be very difficult to find a safe and effective
method to reach all HIV reservoir cells. The closest and
most achievable methods to reproduce the cure obtained
with the “Berlin and the London patients” are autologous
transplants, which use the patient’s own cells and modify
them by the mutation of the CCR5 gene and the expression
of antiviral molecules by gene therapy.
Although CCR5 has some function in cells, individuals
having a mutation seem to live normal lives. Therefore,
modifying the CCR5 gene in targeted cells (lymphocytes

or HSCs) followed by autologous reinfusion should be safe.
Several nucleases have been used to mutate the CCR5
gene including Zinc finger nucleases (ZFNs), transcrip-
tion activator-like effector nucleases (TALENs) and more
recently CRISPR nucleases with associated guide RNA
(gRNA). Ongoing clinical trials include patient-ZFN modi-
fied CD4+ T cells and HSCs (SB-728-T and SB-728-HSPC)
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Table 1 HIV positive allogeneic hematopoietic stem cell transplant (HSCT) recipients from CCR5�32/�32 donors (all male).

Patient/transplant location Reason for transplant Age1 Outcome

Timothy Brown/Berlin Acute myeloid leukemia 40 No viremia for >12 years following transplant and
discontinuation of cART [2]

NR/Utrecht Myelodysplastic syndrome 53 Relapse of myelodysplastic syndrome and death
2 months after transplant [7]

NR/Münster Non-Hodgkin’s lymphoma 51 Infection and death 4 months after transplant [7]

NR/Minneapolis Acute lymphoblastic leukemia 12 GVHD and death 3 months after transplant [7]

NR/Santiago Non-Hodgkin’s lymphoma 46 Pneumonia and death shortly after transplant [7]

NR/Barcelona Non-Hodgkin’s lymphoma 37 Relapse of lymphoma and death 3 months after
transplant [6]

NR/Essen Non-Hodgkin’s lymphoma 27 Viral rebound with CXCR4 using virus 27 days
after discontinuation of cART (20 days after
transplant). Relapse of lymphoma and death
12 months after transplant [8]

NR/Halifax Chronic myeloid leukemia 58 Decreased viral reservoir 9 months after
transplant. Death from myocardial infarction
1.5 years after transplant
[L. Barrett, personal communication]

NR/London Hodgkin’s lymphoma NR No viremia for 18 months following discontinuation
of cART [1]
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NR/Düsseldorf Acute myeloid leukemia

R: not reported.
Age at time of transplant.

nd more recently patient CRISPR modified HSCs (Clini-
alTrials.gov Identifier: NCT03164135) [13, 14]. Although
his approach to engineer HIV resistance most closely mim-
cs the cases of the “Berlin and London patients”, results
rom the “Essen patient” demonstrate that CCR5 modifica-
ion alone will not be successful for individuals that harbor
ven very small amounts of X4 viruses, which may neces-
itate alternative strategies, such as the insertion of antiviral
enes into patient cells.
nother strategy to reach a cure and to circumvent the
roblems of HSCT from a resistant donor would be an
utologous transplant, after engineering the cells to make
hem HIV-resistant by gene therapy. The first clinical trials
ere performed by transplant of CD4+ T cells, which were

ransduced with retroviral vectors that harbour genes pro-
ucing anti-HIV RNAs, peptides or proteins. Since then,
everal clinical trials using both CD4+ T cell transplants

nd HSCTs have been conducted. So far, the procedure has
roven to be safe but a cure has not yet been achieved. The
roblems encountered include a low transduction efficiency
y the retroviral vectors used to deliver the genes, poor
ong-term engraftment of the modified cells, and weak effi-
acy of the molecules used [15-17]. Therefore, the future
f these studies will be to find combinations of safe and

irologie, Vol 23, n◦ 3, mai-juin 2019
49 No viremia for 4 months following discontinuation
of cART [9]

effective genes or gene editors using an effective delivery
method to HSCs or T cells so that HIV replication is com-
pletely inhibited and no resistant virus emerges. Given the
diversity of both HIV and HIV-infected individuals, it is
likely that several different combinations will be needed to
ensure that successful cures can be obtained for all HIV-
infected individuals. Improvements will be made over time
to decrease the costs and facilitate the use in low-income
countries.

Conclusions

The “Berlin and London patients” represent a proof of
concept that a cure can be obtained with cells homozy-
gous for CCR5�32, but the compatible donors remain rare
and low amount of R4 strains can result in a rebound in

viremia. Finally, autologous transplant with modified cells
remains the safest and most promising procedure that could
be applied on a large scale once optimized. It could be done
either by mutating CCR5 using gene-editing nucleases or
by gene therapies that will induce a permanent production
of small antiviral RNAs or peptides. A combination of both
methods will probably become the most efficacious. Our
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ath to the elimination of HIV from the human body has
one one step further and gives us great hope and encour-
gement to continue our efforts towards a cure for HIV
nfection.

cknowledgements. We would like to thank Dr. Lisa
arrett, Department of Medicine, Dalhousie University,
alifax, NS, Canada, for providing information prior to
ublication. The work done in our laboratory is supported
y grant PJT-148704 from the Canadian Institutes of Health
esearch (to AG). R.J.S. is a recipient of a post-doctoral

ellowship from the Richard and Edith Strauss Canadian
oundation through the McGill University Department of
edicine.

eclaration of interests : A.G., R.J.S. and McGill
niversity hold the US patent 9,932,364 issued April 3rd,
018 for one antiviral RNA that could be used in gene ther-
py. We have no affiliation with a financial or commercial
ntity for this patent.

eferences
. Gupta RK, Abdul-Jawad S, McCoy LE, Mok HP, Peppa D, Salgado M,
t al. HIV-1 remission following CCR5Delta32/Delta32 haematopoietic
tem-cell transplantation. Nature 2019 ; 568 : 244-8.
. Hutter G, Nowak D, Mossner M, Ganepola S, Mussig A, Allers K,
t al. Long-term control of HIV by CCR5 Delta32/Delta32 stem-cell

ransplantation. N Engl J Med 2009 ; 360 : 692-8.
. Mehta K, Im A, Rahman F, Wang H, Veldkamp P. Epidemiology and
utcomes of Hematopoietic Stem Cell Transplantation in Human Immun-
deficiency Virus-Positive Patients From 1998 to 2012: A Nationwide
nalysis. Clin Infect Dis 2018 ; 67 : 128-33.
. Allers K, Hutter G, Hofmann J, Loddenkemper C, Rieger K, Thiel E, et
l. Evidence for the cure of HIV infection by CCR5�32/�32 stems cell
ransplantation. Blood;117:2791-99.

E4
5. Henrich TJ, Hanhauser E, Marty FM, Sirignano MN, Keating S, Lee
TH, et al. Antiretroviral-free HIV-1 remission and viral rebound after
allogeneic stem cell transplantation: report of 2 cases. Ann Intern Med
2014 ; 161 : 319-27.
6. Duarte RF, Salgado M, Sanchez-Ortega I, Arnan M, Canals C,
Domingo-Domenech E, et al. CCR5 Delta32 homozygous cord blood
allogeneic transplantation in a patient with HIV: a case report. Lancet HIV
2015 ; 2 : e236-42.
7. Hutter G. More on shift of HIV tropism in stem-cell transplantation
with CCR5 delta32/delta32 mutation. N Engl J Med 2014 ; 371 : 2437-8.
8. Kordelas L, Verheyen J, Beelen DW, Horn PA, Heinold A, Kaiser R,
et al. Shift of HIV tropism in stem-cell transplantation with CCR5 Delta32
mutation. N Engl J Med 2014 ; 371 : 880-2.
9. Jensen B-E, Knops E, Lübke N, Wensing A, Martinez-Picado J, Kaiser
R, et al. Analytic treatment interruption (ATI) after allogeneic CCR5-D32
HSCT for AML in 2013. Conference on Retroviruses and Opportunistic
Infections; 2019 March 4-7; Seattle, Washington, USA: Abstract 394.
10. Mulanovich VE, Desai PA, Popat UR. Allogeneic stem cell trans-
plantation for HIV-positive patients with hematologic malignancies. AIDS
2016 ; 30 : 2653-7.
11. Hutter G, Thiel E. Allogeneic transplantation of CCR5-deficient pro-
genitor cells in a patient with HIV infection: an update after 3 years and
the search for patient no 2. AIDS 2011 ; 25 : 273-4.
12. Solloch UV, Lang K, Lange V, Bohme I, Schmidt AH, Sauter J.
Frequencies of gene variant CCR5-Delta32 in 87 countries based on next-
generation sequencing of 1.3 million individuals sampled from 3 national
DKMS donor centers. Hum Immunol 2017 ; 78 : 710-7.
13. Allen AG, Chung CH, Atkins A, Dampier W, Khalili K, Nonnemacher
MR, et al. Gene Editing of HIV-1 Co-receptors to Prevent and/or Cure
Virus Infection. Front Microbiol 2018 ; 9 : 2940.
14. Rogers GL, Cannon PM. Gene Therapy Approaches to Human Immun-
odeficiency Virus and Other Infectious Diseases. Hematol Oncol Clin

North Am 2017 ; 31 : 883-95.
15. Chung J, DiGiusto DL, Rossi JJ. Combinatorial RNA-based gene
therapy for the treatment of HIV/AIDS. Expert Opin Biol Ther
2013 ; 13 : 437-45.
16. Herrera-Carrillo E, Berkhout B. Gene therapy strategies to block HIV-1
replication by RNA interference. Adv Exp Med Biol 2015 ; 848 : 71-95.
17. Scarborough RJ, Gatignol A. RNA Interference Therapies for an HIV-1
Functional Cure. Viruses 2018 ; 10 : 8.

Virologie, Vol 23, n◦ 3, mai-juin 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


