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Background. Possible human immunodeficiency virus (HIV)-1 clearance has rarely been reported. In this study, we describe a 
unique case of an HIV-positive, combination antiretroviral therapy (cART)-experienced woman with prior acquired immunodefi-
ciency syndrome (AIDS) who has not experienced viral rebound for over 12 years since discontinuing cART.

Methods. Leukapheresis, colonoscopy, and lymph node excision were performed for detailed examination of virologic (in-
cluding HIV reservoir) and immunologic features. Comparisons were made with chronically infected patients and healthy controls.

Results. No HIV-specific antibodies were detected in serum. Plasma HIV ribonucleic acid (RNA) levels were <0.2 copies/mL, 
and, except for low-frequency HIV deoxyribonucleic acid (DNA)+ cells in lymph node tissue (1 copy/3 × 106 cells), HIV antigen 
could not be detected by quantitative virus outgrowth (<0.0025 infectious units/106 CD4+ T cells) or by most measurements of HIV 
RNA or DNA in blood, lymph node, or gut-associated mononuclear cells. Human immunodeficiency virus-specific T-cell responses 
were detectable but low. Brain imaging revealed a prior biopsy site and persistent white matter disease since 1996. Human immuno-
deficiency virus DNA+ cells in the 1996 brain biopsy specimen confirmed her identity and initial HIV diagnosis.

Conclusions. This represents the first report of complete seroreversion, prolonged posttreatment virus suppression, a profoundly 
small HIV reservoir, and persistent HIV-specific T cells in an adult with prior AIDS.

Keywords.  functional cure; HIV-1 seroreversion; HIV-specific T cells.

Despite years of suppressive combination antiretroviral 
therapy (cART), plasma viremia rebounds from the latent res-
ervoir within 3–4 weeks after cART discontinuation in most 
human immunodeficiency virus (HIV)-1-infected individuals 
[1–3]. However, there are some, referred to as posttreatment 

controllers (PTCs), in whom viremic control persists to ≤400 
HIV-1 ribonucleic acid (RNA) copies/mL for years after cART 
cessation [4–7]. Prolonged posttreatment control appears to 
occur more frequently with cART initiation during acute/early 
versus chronic infection [4–9].

Insight into the mechanisms responsible for the lack of de-
tectable virus replication may be gained from examination 
of the contemporaneous immune response. In long-term 
nonprogressors/elite controllers (LTNP/ECs), high-frequency, 
highly functional HIV-specific CD8+ T cells primarily target 
epitopes restricted by protective human leukocyte antigen 
(HLA) class I proteins, such as B57 and B58, and are maintained 
for decades with very low-level virus replication in the absence 
of cART (reviewed in [10]). Conversely, in progressors in 
whom virus replication is passively controlled by cART rather 
than actively controlled by an effective immune response, the 
frequency of HIV-specific CD8+ T cells contracts significantly 
[11]. In this setting, defective CD8+ T-cell proliferation and 
killing persist [12]. In PTCs, low-frequency and poor-quality 
T-cell responses remain after cART interruption [6]. This is 
similar to the low-frequency T-cell responses described in the 
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Berlin and London patients, 2 cases of sterilizing HIV cure after 
hematopoietic stem cell transplantation (HSCT) with grafts 
from CCR5  ∆32/∆32 donors [13–16], suggesting that virus 
replication is not being actively contained by the immune re-
sponse posttreatment in these instances.

Although the T-cell response rapidly contracts when viral 
replication is suppressed by other means, the relationship with 
the HIV-specific antibody (Ab) response is more complex. 
In chronic infection, most LTNP/ECs and cART-suppressed 
progressors maintain full seroreactivity [17–20]. Incomplete 
HIV antibody evolution and/or seroreversion has been reported 
in patients who initiated cART early in acute infection [21–25]. 
However, cART interruption typically led to rebounding vi-
remia and seroconversion, even with extremely small reservoirs 
[2, 21, 23, 24]. The evolution of HIV serologies in PTCs has not 
been described. In contrast, partial seroreversion in the absence 
of cART has only been reported in rare cases of demonstrated 
or suspected HIV-1 clearance. Among these are the Berlin and 
London patients [13–16, 26] and a few extreme cases of sponta-
neous control (referred to here as ExtreCs) with disproportion-
ately high virus-specific T-cell responses and reservoirs below 
the lower detection limits [17, 27, 28]. Therefore, significant 
seroreversion in non-immunodeficient adults without cART 
is limited to rare examples of profound reduction in antigenic 
stimulation in vivo.

In this study, we describe the first case of non-rebounding 
viremia for over 12 years posttreatment interruption and com-
plete HIV-1 seroreversion in a patient who had initiated cART 
during an illness compatible with acquired immune deficiency 
syndrome (AIDS).

A 56-year-old Argentine woman was referred to the 
National Institutes of Health (NIH) in 2015 for evaluation of 

suppressed HIV-1 RNA levels for 8  years after discontinuing 
cART. Nineteen years prior, in 1996, she had been hospitalized 
in Buenos Aires with a 5-week history of weight loss, blurred 
vision, left-sided weakness, and fever. She denied previous 
unusual or recurrent infections, major surgeries, prior hospital-
izations, and all HIV risk factors. Cachexia, nystagmus, and left 
hemiparesis were noted on examination. Magnetic resonance 
imaging (MRI) revealed numerous confluent subcortical white 
matter and patchy brainstem T2 fluid-attenuated inversion re-
covery (FLAIR)-hyperintense, nonenhancing lesions. Brain bi-
opsy demonstrated nonspecific inflammation. Leukopenia was 
noted. Based on the clinical picture, HIV testing was performed 
on November 25, 1996. Human immunodeficiency virus 
enzyme-linked immunosorbent assay (ELISA) was reactive, 
and HIV-1 Western blot (WB) was confirmatory with gp160, 
gp41, and p25 bands. Serologies for syphilis and Chagas disease 
were negative, but Toxoplasma immunoglobulin (Ig)G was pos-
itive. For presumed toxoplasmic encephalitis (TE), she received 
clindamycin, pyrimethamine, and leucovorin. Two weeks 
after initiating zidovudine, didanosine, and nevirapine, CD4 
count was 164 cells/mm3 and HIV-1 RNA was 2200 copies/mL 
(reverse-transcription polymerase chain reaction [RT-PCR]) 
(Figure 1). After improving clinically, she was discharged home 
and has been followed since 1997 at Helios Salud.

In October 1997, CD4 count was 490 cells/mm3 (32%), 
but viral load had rebounded to 36 000 copies/mL (NASBA), 
attributed to erratic cART adherence (Figure  1). Concern 
for drug resistance prompted a change to lamivudine, 
stavudine, and indinavir. Viral load was reduced to <50 
copies/mL (RT-PCR AMPLICOR assay) in July 1998 and 
remained so through 2001 except for a “blip” to 54 copies/
mL in 2000. In 2001, due to worsening fat redistribution and 
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Figure 1. CD4+ T-cell counts and human immunodeficiency virus (HIV)-1 ribonucleic acid (RNA) levels over time since 1996 HIV-1 diagnosis. Gray area designates period of 
treatment with combination antiretroviral therapy (cART). Specific regimens, including zidovudine (azidothymidine [AZT]), didanosine (ddI), nevirapine (NVP), lamivudine (3TC), 
stavudine (d4T), indinavir (IDV), and abacavir (ABC), are shown at the top left. Human immunodeficiency virus-1 RNA assays are specified by different symbols according to 
the right y-axis key. Circled are detectable HIV-1 RNA levels.
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hypertriglyceridemia, abacavir was substituted for indinavir. 
In 2007, she discontinued cART due to treatment fatigue 
and worsening lipodystrophy. However, she continued to 
receive regular follow up, remained clinically well, and had 
stable CD4 counts and no rebounding virus, which prompted 
re-evaluation in 2013. Human immunodeficiency virus-1 
ELISA/WB was negative on 2 occasions. CCR5 genotype was 
wild type. Human immunodeficiency virus deoxyribonucleic 
acid (DNA) by real-time PCR was negative. The patient was 
positive for the protective HLA allele B*58.

The patient was seen at NIH in 2015 and 2017. She re-
ported no complaints, was working full time as an artisanal 
seamstress, and her only medications were losartan and 
atorvastatin. Her clinical course and laboratory results re-
mained stable between 2015 and 2017. Numerous specialists 
noted a mostly benign physical examination. Pertinent pos-
itive findings included mild facial and extremity wasting; a 
protuberant abdomen without hepatosplenomegaly; shotty 
inguinal adenopathy bilaterally; minimally saccadic ocular 
pursuits; slightly brisk 3+ patellar reflexes; an up-going, left-
sided plantar response; slight sway with Romberg testing; 
and minimal difficulty with tandem gait.

MATERIALS AND METHODS

Patient Consent Statement

Written consent of the case patient, chronic HIV-infected pa-
tients, and healthy volunteers was obtained for NIH evaluations 
conducted under National Institute of Allergy and Infectious 
Diseases Institutional Review Board-approved protocols, in-
cluding clinical evaluations, phlebotomy, leukapheresis, exci-
sional lymph node biopsy, and endoscopy with biopsies.

Subjects

Human immunodeficiency virus infection was determined 
by Multispot HIV-1/2 Rapid Test (Bio-Rad Laboratories, 
Redmond, VA) and Cambridge Biotech HIV-1 Western Blot 
(Maxim Biomedical, Inc., Rockville, MD). Human immuno-
deficiency virus-1 RNA levels were measured using RealTime 
HIV-1 Viral Load Assay (lower threshold, 40 copies/mL; Abbott 
Laboratories). An HIV-1 single copy assay done in triplicate 
with a 0.2 copy/mL lower threshold and CCR5 Δ32 genotyping 
were performed [29, 30]. The LTNP/ECs, viremic progressors, 
and ART recipients with HIV RNA levels of <40 copies/mL 
have been defined previously [12]. The HLA class  I/II typing 
was performed by sequence-specific hybridization [31].

Cellular Human Immunodeficiency Virus-1 Deoxyribonucleic Acid/
Ribonucleic Acid Polymerase Chain Reaction and Quantitative Virus 
Outgrowth Assay

To collect colonic tissue, subjects underwent endoscopy with 
moderate sedation. Approximately 30 biopsies were randomly 
taken from gut mucosa and processed for further analysis [32]. 

Human immunodeficiency virus-1 DNA and cell-associated 
RNA in mononuclear cells from peripheral blood, gut-
associated lymphoid tissue, and lymph node were amplified 
over 40 cycles by semi-quantitative PCR (qPCR) with primers 
specific for HIV-1 Gag, Env, and long terminal repeat (LTR), 
as described [33]. Detection limit was 1 copy per 2 × 105 cells. 
Measurements of total HIV DNA in enriched CD4+ T cells with 
a single copy sensitivity were performed by droplet digital PCR 
(ddPCR) according to published protocols [34]. To determine 
the frequency of CD4+ T cells carrying replication-competent 
HIV, quantitative coculture assays were conducted using se-
rially diluted (1  × 106, 200 000, 40 000, 8000, 1600, and 320 
in duplicate) and 39 replicates of 10 × 106 CD4+ T cells [34]. 
The cultures were incubated with irradiated peripheral blood 
mononuclear cells (PBMCs) of HIV-seronegative donors and 
anti-CD3 antibody. Subsequently, 1 × 106 CD8-depleted, anti-
CD3-stimulated PBMCs from HIV-seronegative donors were 
added to each well on days 2 and 8. Cell suspensions were peri-
odically removed and replenished with fresh interleukin (IL)-2 
medium to maintain optimal cell density. Human immunodefi-
ciency virus p24 ELISA was performed on culture supernatants 
between days 14 and 21. The infectious units per million cells 
were determined as described [35].

Human Immunodeficiency Virus-Specific Antibody Activity

Neutralizing activity in serum was measured using a TZM-bl 
assay and pseudo-viruses derived from primary isolates [36]. 
The luciferase immunoprecipitation systems (LIPS) assay was 
used to generate highly quantitative antibody response profiles 
[37].

Cerebrospinal Fluid Analysis

In addition to routine studies for cell counts, glucose, and pro-
tein, JC and BK viruses were tested in cerebrospinal fluid (CSF) 
using a multiplex qPCR assay; IL-6, tumor necrosis factor-α, and 
HIV p24 using ultrasensitive single molecule assays (Simoa); 
and HIV RNA using the COBAS Ampliprep/COBAS TaqMan 
(Roche Diagnostics, Indianapolis, IN). Cytomegalovirus 
(CMV) DNA from total nucleic acids isolated from CSF and 
plasma was quantified by real-time PCR [38]. For determina-
tion of near full-length HIV-1 DNA PCR, genomic DNA was 
subjected to limiting dilution before amplification as previously 
described [39]. Single-molecule sequencing was performed by 
the Sanger method.

RNAScope/DNAScope

Next-generation in situ hybridization (ISH) for both viral RNA 
and viral DNA with a lower detection threshold of 2 copies was 
performed on formalin-fixed paraffin-embedded brain biopsies 
as previously described [40]. Probes targeted gag, pol, vif, vpr, 
tat, rev, vpu, env, and nef regions for a total of 78 probe pairs 
(78ZZ).
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T-Cell Frequency, Proliferation, and Cytotoxic Capacity in Response to 
HIVSF162-Infected CD4+ T-Cell Targets or Gag Peptides

CD4+ T cells were positively selected, polyclonally stimulated, 
and infected with magnetized HIVSF162 as reported previously 
[12]. CD8+ T-cell capacity to produce interferon (IFN)-γ and 
kill was assessed in response to LIVE/DEAD Fixable Violet 
Stain (Invitrogen Molecular Probes, Eugene, OR)-labeled 
autologous uninfected or HIVSF162-infected CD4+ T-cell tar-
gets as described previously [12]. 5,6-Carboxyfluorescein 
diacetate, succinimidyl ester (Molecular Probes, Eugene, 
OR)-labeled PBMCs were incubated with HIV-1 Consensus 
B Gag 15-mer peptides (NIH AIDS Reagent Program, 
Germantown, MD) or CD4+ T-cell targets for 6  days to 
measure proliferation [12, 31].

Flow Cytometry

Multiparameter flow cytometry was performed according to 
standard protocols. All staining occurred at 4°C for 30 minutes 
with the following antibodies from BD Biosciences (unless in-
dicated otherwise): FITC-conjugated anti-CD3; PE-conjugated 
anti-CD8; RDI-conjugated anti-p24 (Kc57; Beckman Coulter, 
Inc., Fullerton, CA); PerCP-conjugated anti-CD3 and anti-CD8; 
APC-conjugated anti-CD4 and anti-IFN-γ; and AmCyan-
conjugated anti-CD3. Samples were analyzed on a FACSAria 
multilaser cytometer (Becton-Dickinson) with FACSDiva soft-
ware. In cytotoxicity experiments, at least 5000 events gated 
on live CD4+ T-cell targets were collected. Data were analyzed 
using FlowJo software (TreeStar, San Carlos, CA).

Statistical Analysis

All comparisons between groups were made using the unequal 
variances t test.

RESULTS

At the 2015 and 2017 NIH visits, the patient’s CD4 counts 
were 606 cells/mm3 (35%) and 571 cells/mm3 (38%), respec-
tively (Figure 1). Human immunodeficiency virus RNA levels 
were <40 copies/mL in a clinical assay and <0.2 copies/mL 
in an ultrasensitive single-copy assay, similar to levels found 
in ExtreCs and many conventional LTNP/ECs [17]. The pa-
tient was confirmed to carry the protective B*58:01 allele [41]. 
Excisional lymph node biopsy in 2015 revealed follicular and 
paracortical hyperplasia. Excision of a palpable node from 
an adjacent site in 2017 demonstrated only adipose tissue 
without lymph node elements. Normal-appearing mucosa 
without abnormalities was noted on pathologic examination 
of samples from colonoscopy. Quantification of mononuclear 
subsets in colonic mucosa demonstrated 50.4% CD4+ T cells, 
1.2 × 106 CD4+ T cells/gram, and a 1.2 CD4/CD8 ratio, com-
parable to those of healthy HIV-negative controls and non-
immunodeficient HIV-positive patients [17]. Consistent with 
2013 results, Multispot was negative for HIV-1 and HIV-2. 

Human immunodeficiency virus-1 WB was negative at 1:10, 
1:20, and 1:100 serum dilutions (Figure  2A). Human immu-
nodeficiency virus-specific antibody profile in the LIPS assay 
against a p24, RT, and gp120 panel was most consistent with 
HIV-seronegative individuals and distinguishable from LTNP/
ECs and ExtreCs (Figure 2B–D). In addition, serum from this 
case exhibited no neutralizing antibody activity against a panel 
of A, B, and C clade viruses. Positive serologies included anti-
HBV surface Ab, anti-HAV Ab total, anti-CMV IgG (5.7 U/
mL), and anti-VZV IgG (287 Index). Quantitative Ig analysis 
revealed normal IgG (911 mg/dL), IgA (182 mg/dL), and IgM 
(58 mg/dL) levels. Surreptitious cART use was excluded by un-
detectable serum levels of antiretrovirals available in Argentina 
in 2015 and 2017, including efavirenz, rilpivirine, lopinavir, 
atazanavir, darunavir, raltegravir, elvitegravir, and dolutegravir.

Human immunodeficiency virus reservoir was not detectable 
by end-point HIV DNA and cell-associated RNA PCR (Gag, 
Env, and LTR) in mononuclear cells derived from the patient’s 
peripheral blood (107), colon (2  × 106), or lymph node (3  × 
106). Real-time PCR was also negative for HIV RNA in PBMCs, 
colon, and lymph node and for DNA in PBMCs and colon. 
However, cellular DNA from lymph node was positive for HIV 
Env (negative for LTR and Gag) at a frequency of 1 copy/3 × 
106 cells. Further analysis identified a sequence that was not 
consistent with contamination by a laboratory strain or a recent 
patient isolate, but it was homologous with 4 patient sequences 
reported in the LANL HIV sequence database. By quantitative 
ddPCR, HIV DNA was not detected in purified CD4+ T cells 
from PBMCs. In addition, the frequency of cells carrying rep-
lication competent virus was <0.0025 infectious units/million 
CD4+ T cells from 3.9 × 108 total CD4+ T cells, which had been 
purified from 2.5 × 109 PBMCs. Therefore, in contrast to most 
PTCs and LTNP/ECs, but similar to 2 ExtreCs and the Berlin 
and London patients, the HIV reservoir size in this patient was 
profoundly small [14, 16, 17, 27, 28].

Activated CD4+ T cells from this patient were fully suscep-
tible to infection with R5-tropic HIV-1 (Figure  3A, left and 
middle columns). In response to these targets, the net frequency 
of HIV-specific CD8+ T cells was barely detectable, comparable 
to HIV-negative controls and some chronic patients with pro-
longed HIV suppression (Figure 3B) [10, 17]. It is interesting 
to note that, after 6-day stimulation, HIV-specific CD8+ T-cell 
proliferative and cytotoxic responses to infected targets re-
mained low (Figure 3A, middle and right columns, C-E). CD4+ 
T-cell proliferation after 6-day stimulation with HIV Gag pep-
tides was higher than responses in HIV-negative controls and 
similar to those in chronically infected patients (Figure 4) [12]. 
These results were confirmed in repeat experiments. In sum-
mary, low but detectable virus-specific CD4+ and CD8+ T-cell 
responses in this case-patient provided evidence of HIV infec-
tion, but these were strikingly different from the robust T-cell 
responses in most LTNP/ECs and ExtreCs [17, 31, 42–46].
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Negative HIV-1 serology, nearly undetectable antigen 
levels, and low HIV-specific immune responses raised ques-
tions about this patient’s identity and diagnosis. Her current 
and previous doctors at Helios Salud, who had overlapped and 
had reviewed her inpatient and outpatient results, confirmed 
her identity. They also shared the original report of 3 positive 
HIV-1 WB bands. Absence of specimens from early time points 
precluded repeat HIV-1 antigen or antibody testing. However, 
pathologic examination of a formaldehyde-fixed, paraffin-
embedded block from the 1996 brain biopsy revealed brain pa-
renchyma with mild lymphocytic infiltrate and reactive gliosis. 
Toxoplasma immunostains were negative (Figure 5A). It is in-
teresting to note that rare cells harboring HIV-1 DNA were de-
tected by ISH on different sections (Figure 5B). No vRNA+ cells 
were detected (Figure  5C). Human immunodeficiency virus 
DNA/RNA in ISH results were as expected in control normal 
and HIV-infected brain tissues (Figure 5D and E). These find-
ings supported intracerebral infection with HIV-1 in 1996.

Because the neurologic syndrome precipitated the patient’s 
original evaluation, follow-up studies were performed in 2017. 
The MRI showed extensive T2 FLAIR signal abnormality pre-
dominantly in deep and subcortical white matter, with rela-
tive sparing of the subcortical U-fibers, which appeared stable 
since at least 2003, accounting for differences in MRI technique 
(Figure 6). A linear T2 hyperintensity from the 1996 biopsy tract 
could still be appreciated (Figure 6B). There was no evidence of 
abnormal enhancement. Investigation into the etiology of these 
nonspecific white matter lesions yielded negative or normal 
results, including erythrocyte sedimentation rate, C-reactive 
protein, antineutrophil cytoplasmic antibodies, C3/C4 levels, 
long chain fatty acid profile, plasma amino acids, tuberculin 
skin testing, and serologies for human T-lymphotropic virus-I, 
hepatitis C virus, and syphilis. The CSF analysis was unremark-
able, and BK/JC virus, CMV, and HIV-1 RNA (<20 copies/mL) 
were not detected by PCR. The CSF cytokine profile was not 
suggestive of significant neuroinflammation. Also not detected 
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were CSF HIV p24 (<0.01 pg/mL) and HIV-specific antibodies 
by LIPS analysis. Genomic DNA equivalent to 164 000 cells 
from the CSF cell pellet was negative by PCR for near full-
length HIV-1 DNA (nested PCR sensitivity, 10 copies/reaction). 
Therefore, the MRI pattern of persistent white matter abnor-
malities without recent CSF abnormalities was suggestive of 
prior HIV-related encephalitis.

DISCUSSION

This case is the first, to our knowledge, of an individual with 
AIDS who subsequently experienced prolonged post-cART 
HIV-1 RNA suppression, complete seroreversion, and low HIV-
specific T-cell responses. The durability of posttreatment HIV 
suppression for 12 years is rare considering that only 2 other 
PTCs, both treated during early infection, have been reported 
to sustain posttreatment control for over 10 years [6, 7]. In our 

case, continuous care since 1997 by providers at a single ambula-
tory care center and persistence on sequential MRIs of a similar 
pattern of central nervous system (CNS) disease and findings 
indicative of the brain biopsy tract since 1996 decreased the 
possibility of mistaken identity. Although it is possible that HIV 
was misdiagnosed in 1996, several factors suggested otherwise, 
including the following: CD4 lymphocytopenia during a com-
patible illness; clinical and immunologic improvement with 
anti-Toxoplasma and antiretroviral therapies; detectable plasma 
HIV-1 RNA levels on 3 separate specimens tested by 2 assays 
at 2 medical centers; rare HIV-1 Env DNA+ lymph node mon-
onuclear cells; detectable HIV-specific T-cell responses; HIV-1 
DNA+ cells on the 1996 brain biopsy; and absence of conditions 
associated with false-positive HIV-1 ELISA/WB results [47]. 
Therefore, the bulk of the data supported a history of advanced 
HIV infection in this case.
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Figure 3. The case’s CD8+ T-cell responses to human immunodeficiency virus (HIV)-infected targets differed from those of spontaneous HIV controllers. (A) Flow plots gated 
on autologous CD4+ T-cell targets (T) from the case (top row) and a conventional long-term nonprogressors/elite controller ([LTNP/EC] bottom row) depict high-level HIVSF162 
infection (middle column) in contrast to non-superinfected CD4+ T cells (left column). Cytotoxic responses, measured by percentage elimination of infected CD4+ T-cell targets 
by day 6 CD8+ T-cell effectors (E), are shown on representative plots as red values (right column). (B) Summary data of interferon-γ + CD8+ T-cell responses after 6-hour stimu-
lation with autologous infected targets are shown for the case (asterisk), uninfected controls (squares), extreme controllers ([ExtreCs] diamonds), LTNP/ECs (circles), viremic 
progressors (upturning triangles), and combination antiretroviral therapy-suppressed progressors (downturning triangles). Background responses to uninfected targets have 
been subtracted. (C) Flow plots show CD8+ T-cell proliferation to HIV-infected targets (right column) along with medium (left column) and anti-CD3/anti-CD28-stimulated 
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sent median values. Only significant P values referring to comparisons among uninfected controls and chronically infected patients are shown. CFSE, 5,6-carboxyfluorescein 
diacetate, succinimidyl ester.



Possible Functional Cure After AIDS • ofid • 7

In 2.5 billion PBMCs, we detected no HIV-1 DNA by ddPCR 
and no outgrowth of replication-competent virus in our case. 
Low-frequency HIV Env DNA+ cells were detected in a pal-
pable lymph node that exhibited hyperplasia, as was observed 
in the London patient [16]. Whether the positive signal repre-
sented expansion of a defective clone or intact provirus is un-
clear. In any event, the reservoir size of our case contrasts with 
most PTCs, spontaneous controllers, and cART-suppressed 
progressors and is most reminiscent of rare cases of putative 
cure [2, 14, 16, 17, 27, 28]. Similar techniques and cell numbers 
were used in our prior investigation of the B*57+ ExtreC C4, 
who also had a reservoir below the level of detection [17]. In 
a recent paper that included C4 (referred to as EC2), no single 
genome-intact proviral sequences were detected in 1.5 billion 
PBMCs [28]. As in C4/EC2, determination of the landscape 
of integrated HIV-1 DNA would likely not be possible in our 
PTC, but it could be attempted along with other assessments 
to further characterize her reservoir if additional biospecimens 
become available.

The complete absence of HIV-specific antibodies in our case 
was unexpected and distinguished her from other rare cases of 
seroreversion in which virus eradication has been proposed [17, 
27]. The weak HIV antibody profile of C4 was comparable to 
that of a B*57+ controller from the Sydney Blood Bank Cohort 

(C135) in whom clearance was suspected of an attenuated nef/3’ 
LTR-deleted HIV-1 acquired in 1981 [17, 27]. Our case is even 
distinct from the Berlin patient who had maintained low-level 
Env-specific antibodies for many years after sterilizing cure, and 
other individuals with declining HIV-specific antibodies after 
HSCT [15, 26, 48]. Normal Ig levels and detectable antibodies 
specific for hepatitis viruses and human herpesviruses sup-
ported her ability to maintain appropriate humoral responses to 
vaccination or persistent latent infections. The reasons for com-
plete seroreversion in our case are unknown, but they might 
relate to greater clearance of HIV antigens from lymphoid 
tissue-based follicular dendritic cells that typically drive the 
persistence and affinity maturation of HIV-specific antibodies 
[49]. In any event, loss of HIV-specific antibodies in this case 
without rebounding viremia supported that remarkably low in 
vivo antigen levels had occurred for some time.

Given our case’s lack of neutralizing antibodies, posses-
sion of a protective HLA allele, and the known association 
between spontaneous control and robust T-cell responses, 
it was of interest to characterize her HIV-specific T-cell 
responses. Detectable HIV-specific CD4+ T-cell prolifer-
ation was consistent with antigen-driven expansion of low-
frequency virus-specific memory cells. Her low-quality 
HIV-specific CD8+ T-cell responses, even after 6  days of 
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Figure 4. The case’s human immunodeficiency virus (HIV)-specific CD4+ T-cell proliferative response overlapped with those of chronically infected patients. (A) Flow plots 
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Figure 6. Brain magnetic resonance imaging (MRI) showed persistent diffuse white matter disease since 1996. (A). Axial T2 fluid-attenuated inversion recovery (FLAIR) 
images show multiple bilateral confluent hyperintensities most prominently affecting the white matter of the posterior frontal, parietal, and temporal lobes with relative 
sparing of the subcortical U-fibers. Additional abnormal signal intensity lesions were seen in the midbrain and pons. (B) Sagittal T2-FLAIR images (midsagittal and parasag-
ittal) obtained in 2003, 2017 (National Institutes of Health), and 2020 show persistent white matter lesions on sequential scans, with possible worsening between 2003 and 
2017 (white arrows) that likely reflects varying MRI technique. Also shown is the linear hyperintensity remaining from the 1996 biopsy (red arrows).
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Figure 5. Brain biopsy specimen from 1996 revealed human immunodeficiency virus (HIV) deoxyribonucleic acid (DNA)+ cells by in situ hybridization (ISH). (A) Mild lym-
phocytic infiltrate and reactive gliosis was identified by routine hematoxylin and eosin and immunohistochemistry staining of formaldehyde-fixed, paraffin-embedded brain 
specimen. Black arrowhead points to a lymphocyte; block arrow idenitifes a reactive astrocyte. (B and C) By ultrasensitive DNAscope (B) and RNAscope (C) ISH using the 
HIV-1 clade B probe covering gag, pol, vif, vpr, tat, rev, vpu, env, and nef regions, cells bearing HIV DNA in 2 sections (insets and red arrow, left and right columns, B), but not 
ribonucleic acid (C), were detected. (D and E) Uninfected (D) and HIV-infected brain specimens (E) were used as controls.
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restimulation, contrasted with most spontaneous control-
lers [17, 31, 42–46] and suggested a mechanism that might 
be associated with cART as has been proposed in PTCs [6]. 
Alternatively, the mechanism of control in our case could be 
the same as in spontaneous controllers, but a markedly lower 
T-cell precursor frequency yielded minimal responses upon 
restimulation. Still further, it is possible that she possesses 
a novel mechanism of secondary control. Therefore, these 
virus-specific T-cell analyses provided evidence, similar to 
that shown for the Berlin and London patients [14, 16], of 
only remote T-cell stimulation by HIV in vivo and suggest 
that ongoing active immune control, as observed in LTNP/
ECs, is not occurring.

Equally enigmatic was our case’s significant cerebral 
white matter disease. Negative JC virus PCR in CSF and 
immunostains for TE recently, and lack of contrast enhance-
ment and mass effect on MRI scans spanning 23 years are not 
supportive of TE, CNS lymphoma, or progressive multifocal 
leukoencephalopathy. Along with normal activities of daily 
living and a stable neurologic examination, the clinical picture 
is most consistent with a remote process that left residual ab-
normalities on MRI. Recent pathologic examination of her 1996 
biopsy specimen was consistent with, but not pathognomonic 
for, HIV encephalitis. The HIV-1 DNA+ cells by ISH supported 
CNS involvement by HIV infection. A false-positive result due 
to contamination with blood is unlikely considering the pres-
ence of vDNA+ cells on multiple sections. Therefore, pathologic 
findings and HIV-1 DNA+ cells by ISH corroborated the orig-
inal HIV/AIDS diagnosis.

CONCLUSIONS

In summary, the findings of complete absence of HIV-specific 
antibodies and weak T-cell responses in this case with a history 
of advanced HIV infection and non-rebounding viremia for 
over 12 years after treatment interruption are extremely unique. 
With a reservoir of replicating virus below the level of detection 
and only extremely rare copies of HIV DNA, this case might 
represent the best example of posttreatment functional cure 
and, like very few other individuals, offers hope that durable re-
mission might be possible without the need for excessively toxic 
interventions.
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