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HIV infection
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Objective: People with HIV rarely control viral replication after cessation of antiretro-
viral therapy (ART). We present a person with HIV with extraordinary posttreatment
control (PTC) for over 23 years after temporary ART during acute HIV infection (AHI)
leading to a new insight in factors contributing to PTC.

Design/methods: Viral reservoir was determined by HIV gPCR, Intact Proviral DNA
Assay, and quantitative viral outgrowth assay. Viral replication kinetics were deter-
mined in autologous and donor PBMC. IgG levels directed against HIV envelope and
neutralizing antibodies were measured. Immune phenotyping of T cells and HIV-
specific T-cell responses were analyzed by flow cytometry.

Results: The case presented with AHI and a plasma viral load of 2.7 million copies/ml.
ART was initiated 2 weeks after diagnosis and interrupted after 26 months. Replicating
virus was isolated shortly after start ART. At 18 years after treatment interruption, HIV-
DNA in CD4" T cells and low levels of HIV-RNA in plasma (<5 copies/ml) were
detectable. Stable HIV envelope glycoprotein-directed IgG was present during follow-
up, but lacked neutralizing activity. Strong antiviral CD8™" T-cell responses, in particular
targeting HIV-gag, were detected during 25 years follow-up. Moreover, we found a
P255A mutation in an HLA-B*44 : 02 restricted gag-epitope, which was associated with
decreased replication.
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Conclusion: We describe an exceptional case of PTC, which is likely associated with
sustained potent gag-specific CD8" T-cell responses in combination with a replication
attenuating escape mutation in gag. Understanding the initiation and preservation of the
HIV-specific T-cell responses could guide the development of strategies to induce HIV

control.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction

Despite the success of current antiretroviral therapy
(ART) in suppressing viral replication, HIV 1is not
eradicated and persists in viral reservoirs. When ART is
interrupted, in the majority of individuals viral rebound
will occur within several months, leading to disease
progression [1]. Attempts have been undertaken to find
therapeutic agents able to eradicate the rebound-
competent viral reservoir (so-called ‘sterilizing cure’).
A sterilizing cure has been proven possible for a few
patients that underwent stem cell transplantation because
of a hematological malignancy, using a donor homozy-
gous for the CCR5-delta 32 genotype [2—5]. However,
on a broad scale, a ‘functional’ cure appears more feasible.
A functional cure, or ‘remission, is defined as durable
control of virus replication in the absence of any ART.
This could be either spontaneous control of HIV with a
plasma viral load below 50 copies/ml in the absence of
therapy (‘elite’ control), or when viral control is reached
after ART interruption, that is, posttreatment control
(PTC). Elite control is thought to be mainly mediated by
virus-specific CD8™ T cells that target conserved epitopes
located in vulnerable sites of viral proteins, and is
associated with specific, protective HLA haplotypes,
which are not found in PTC [6].

Early treatment initiation during the acute phase of the
infection (AHI), resulting in a smaller viral reservoir, seems
to be an important factor in achieving PTC [6—8]. This
was first shown in the VISCONTT study [6]. The CHAMP
study showed that PTC was more often found in early
treated individuals compared with people who initiated
ART in the chronic phase of the infection [9]. The current
hypothesis explaining these observations is that immediate
treatment during AHI limits the formation of the viral
reservoir [10,11] and preserves the immune system leading
to better immune-mediated viral control [12]. Indeed,
recent studies showed that in addition to a small viral
reservoir, different components of the immune system,
such as NK cells and CD8" T-cell responses, can be
attributed to HIV control in individual PTC cases [13,14].

Here, we describe a case of extraordinary PTC in a person
who was diagnosed with acute HIV infection in 1998,

received ART for 26 months and has been successtully
controlling the virus for 23 years after cessation of ART. In
this study, we performed a comprehensive viro-immuno-
logical analysis to delineate correlates of viral control.

Materials and methods

Study participants

In 1998, a 49-year-old man was diagnosed with AHI with
symptoms of headache, fever, night sweats, a sore throat
and lymphadenopathy, and included in a primary HIV
infection study (ERA study). Two weeks after diagnosis
he started a five-drug regimen (stavudine (40 mg twice
daily), lamivudine (150 mg twice daily), abacavir (300 mg
twice daily), nevirapine (400 mg once daily; 200 mg once
daily during the first 2 weeks), and indinavir (1000 mg
three times daily; after 2 months, he switched to indinavir
800 mg and ritonavir 100 mg twice daily) [15]. In March
2000, he switched to Combivir twice daily and efavirenz
600 mg once daily. At his own request, he discontinued
treatment after 26 months of treatment.

Follow-up appointments continued after treatment
interruption and included blood sampling for PBMC
isolation and routine laboratory tests such as lymphocyte
counts (CD4" and CD4"/CD8™ ratio, using flowcyto-
metry) and assessment of plasma HIV RNA load using
diagnostic assays (Fig. 1). In addition, for study purposes,
ultrasensitive plasma viral load PCRs were performed
(detection threshold <5 copies/ml) [15].

The trial (ERA study; 96/232) was approved by the
Medical Ethics Committee of the Amsterdam Medical
Center. The person described in this study gave informed
consent to participate in this trial, and continuation of
blood sampling after the trial had ended.

Untreated HIV-infected individuals from the Amsterdam
Cohort Studies on HIV and AIDS (ACS) and HIV-
negative donors were included for comparison. For a
detailed description, see Supplementary Methods, http://
links.Iww.com/QAD/C972 and Supplementary Table 1,
http://links Iww.com/QAD/C973.
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Fig. 1. Clinical characteristics of the case. Plasma viral load (left y-axis), CD4" cell count, and CD4"/CD8™ ratio (right y-axis)
were measured at every study visit. Detection limit of the standard diagnostic viral load assay was <400 copies/ml| (1997-1999:
day 0-365 after diagnosis), <40 copies/ml (1999-2021: day 365-8340 after diagnosis), and <20 (2021-present: 8340—present
after diagnosis). Additional ultrasensitive viral load PCR tests (<5 copies/ml) were performed and are depicted as red dots.

Genotyping

HLA and KIR genotyping was performed at the
Department of Immunogenetics (Sanquin) by the PCR
using sequence-based typing (SBT) method (GenDx
Products, Utrecht, the Netherlands) and real-time (RT)-
PCR (Thermofisher, West Hills, California, USA). The
CCR5delta32  genotype was determined by PCR
(Supplementary methods, http://links.lww.com/QAD/
C972).

Virological analysis

Proviral DNA load was determined by qPCR on the
Lightcycler 480 using the GoTaq qPCR Master Mix
(Promega, Madison, Wisconsin, USA) using a primer set
detecting a conserved region in the HIV pol gene. HIV
intact proviral DNA was quantified using a multiplex
ddPCR assay, targeting both the W' (psi) region and part
of the envelope glycoprotein (env) region.

The quantitative viral outgrowth assay using CD8 " T-cell
depleted patient PBMC was performed to assess the level
of infectious virus and to isolate replication-competent
virus.

HIV replication kinetics were determined by inoculation
of CD8"-depleted PBMC from healthy donors using 40
TCID50 per 1x 10° cells. Every fourth day, freshly
stimulated CD8"-depleted PBMC were added. Viral
replication was measured regularly using an in-house p24
ELISA, with a detection limit of 20 ng/ml.

HIV co-receptor use was determined by geno2pheno
online tool and confirmed by an infection assay using

human glioblastoma (U87) cell lines stably expressing
CD4" and the HIV coreceptors CCR5 or CXCRA4.

The NL4.3 Ba-L P255A mutant was constructed using
site-directed mutagenesis and the replication rate was
determined on PBMC from healthy donors using 80
TCID50 per 1x10° cells.

For detailed methods, see supplementary methods,
http://links.lww.com/QAD/C972.

Immunological analysis

PBMC:s were used for immune phenotyping (activation,
exhaustion and senescence) by flow cytometry. T-cell
functionality was determined by the analysis of intracel-
lular cytokine production and proliferative capacity upon
stimulation using overlapping peptide pools (HIV: Gag
and Nef; CMV: pp65). For detailed methods, see
Supplementary Methods, http://links.lww.com/QAD/
C972.

HIV-specific antibody analysis

HIV-specific serum IgG titers were determined by
Luminex assay using three well characterized stabilized,
native-like Env trimers of (BG505 SOSIP, ConM SOSIP,
and AMCO11 SOSIP) and predominant epitopes of
Clade B HIV Env (JRCSF) (gp41 monomer, gpl120
monomer, and the V3 loop peptide on a scaffold).
Neutralization assays were performed using the pseudo-
viruses of the Global Panel of HIV Env Reeference Clones
(NIH AIDS Reagent Program). For detailed methods,
see supplementary methods, http://links.Iww.com/
QAD/C972.
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Antiretroviral drug screening

Quantitative testing of 11 frequently used antiretroviral
drugs (amprenavir, bictegravir, darunavir, dolutegravir,
doravirine, efavirenz, etravirine, lopinavir, nevirapine,
raltegravir, and rilpivirine, and nevirapine) was per-
formed by means of a validated LC-MS/MS method by
the Clinical Pharmacology Department of the University
Medical Center in Utrecht, the Netherlands.

Results

At presentation, the person had an HIV viral load of 2.7
million copies/ml plasma, a p24-antibody positive ELISA
test and an indeterminate western blot (Fiebig stage 4).
The viral load declined to 27 000 copies/ml 2 weeks after
ART initiation and became undetectable after 7 months
of ART. Except for a viral blip at 15 months after ART
start (82 copies/ml), the plasma viral load remained
undetectable. In October 2000, the person discontinued
ART. After treatment interruption, the plasma viral load
remained undetectable for 23years using standard
diagnostic assays, with the exception of a single viral
blip 7months after treatment interruption (400 copies/
ml). However, plasma viral load was detectable at very low
levels using an ultrasensitive PCR (<5 copies/ml) (Fig. 1,
blue dots). Furthermore, no clinical signs of any HIV-
associated disease were noticed during follow-up. Serum
levels of eleven frequently used antiretroviral drugs were
undetectable at 18 years after treatment interruption.

At the time of diagnosis, CD4" Tecell count was
0.44 x 10’ cells/1, which recovered to levels above
0.7 x 10’ CD4" T cells/1 after start of ART and remained
stable up to 23years after treatment interruption.
Immune phenotyping of PBMC performed 18years
after treatment interruption showed low levels of CD4"
and CD8™" Tecell activation, exhaustion and senescence as
compared to untreated people with HIV (characteristics
displayed in Supplementary Table 1, http://links.Iww.
com/QAD/C973), and more comparable to levels
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observed in HIV-negative donors (Supplementary Figure
1, http://links.lww.com/QAD/C971).

The person was HLA-A*02, A*68 and homozygous for
B*44:02 and did not harbor the protective HLA alleles
HLA-B*57 or HLA-B*27. KIR genotyping showed
that this person is KIR2DL1, KIR2DL3, KIR2DL4,
KIR3DL1, KIR3DL2, KIR3DL3, KIR2DS4,
KIR2DP1, and KIR3DP1 positive. Moreover, the
person carried the homozygous wild-type genotype for
CCRS5. Taken together, in addition to the high plasma
viral load at diagnosis, the HLA genotype, with lack of
protective HLA alleles, indicates that the case does not
have the profile of an elite controller.

At 18 years after treatment interruption, a cellular proviral
DNA load of 1500 pol-DNA copies/10° CD4" T cells
and 37 intact proviruses/10° CD4™ T cells was detected.
Quantitative viral outgrowth assays using CD4" T cells
resulted in isolation of replicating HIV (48 TU/10° CD4"
T cells) at 1 month after diagnosis, whereas no replicating
HIV could be isolated 15 months after start ART (during
the first viral blip) and 18 years after treatment interrup-
tion (<0.031U/10° CD4" T cells). Full length viral
sequencing of the replication competent virus (1 month
after diagnosis) and proviral DNA (18years after
treatment interruption) showed that the virus was a
clade B variant with only a limited number of mutations
and no major insertions or deletions when compared with
HXB2 consensus. Over time (1 month after infection
versus 18 years after treatment interruption), no amino
acid changes in Gag, three amino acid changes in Pol, and
four amino acid changes in Env, with no changes in the
V3 region, were observed. On the basis of the envelope
sequence, the virus used the CCR5 co-receptor for viral
entry. CCR5 co-receptor use of the replication-compe-
tent HIV variant was confirmed using U87 cells stably
expressing CD4" and the co-receptors CCR5 and
CXCR4. The replication-competent HIV variant was
able to replicate equally well in both CD4™ T cells from
HIV-negative donors and from the case (Fig. 2).

mm NL 4-3 BaL
B Patient virus

Patient

Fig. 2. HIV infectivity assay in vitro. The HIV variant obtained from the person 1 month after diagnosis (red) was used to infect
PBMC obtained from healthy donors (n =3) and from the person. The NL 4-3 BalL lab strain (blue) was used as a positive control.
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Moreover, CD4" T cells from the case were equally
susceptible to infection with the laboratory strain NL4-3
BaL compared with CD4" T cells from HIV-negative
donors (Fig. 2). This suggests that a replication-
competent virus was present early after infection, and
that CD4" T cells from the case supported HIV
replication indicative of the absence of any intrinsic viral
restriction factors.

Next, the functionality of the humoral and cellular HIV-
specific immune response was characterized during
follow-up (1998-2022). The HIV-Env IgG antibody
titers binding Clade B AMCO011 SOSIP and consensus
group M (ConM) SOSIP, as well as Env subdomains
increased rapidly after diagnosis and remained stable
during follow-up (Fig. 3 and Supplementary Figure 2,
http://links.lww.com/QAD/C971). However, no neu-
tralization antibodies against a global virus panel could be
detected in serum 18years after treatment interruption
(Supplementary Table 2, http://links.Iww.com/QAD/
C973). The persisting antibody response is suggestive of
ongoing exposure to the virus. Also, a western blot was
performed 18years after treatment interruption, which
showed broad antibody responses to Gag, Pol, and Env,
indicating antibody responses targeting all viral proteins.

Polyfunctionality of HIV-Gag specific CD4" and CD8"
T cells as determined by intracellular cytokine production
(IL-2, IFN-y, TNF-o, MIP-1B) and degranulation
(CD107a) 18 years after TI was comparable to untreated
people with HIV (Supplementary Figure 4, http://links.
lww.com/QAD/C971). However, a strong proliferative
CD8" T-cell response against HIV Gag, but not Nef,
with a high precursor frequency and proliferation index
was observed over time (Fig. 4). The proliferative capacity
of HIV Gag-specific CD8" T cells of the patient was
higher as compared to untreated people with HIV
(characteristics displayed in Supplementary Table 1,

http://links.Iww.com/QAD/C973). A strong prolifer-
ative response was also observed for CD4" T cells;
however, antigen specificity could not be determined due
to high background responses (Supplementary Figure 3,
http://links Iww.com/QAD/C971). The CD4" T-cell
response to HIV Gag was comparable to that of CD4" T
cells from untreated people with HIV (characteristics
displayed in Supplementary Table 1, http://links.Iww.
com/QAD/C973).

As the HLA-B*44:02 has previously been associated
with high HIV-specific CD8% T-cell responses and
prolonged HIV control [16—18], we next determined
whether the strong Gag-specific CD8" T-cell response
was associated with viral escape mutations in Gag. We
observed a loss of the B*44 : 02 restricted predicted IL10
epitope (IEVKDTKEAL) due to a mutation at the anchor
residue (INVKDTKEAL). Moreover, a mutation at
position 7 (P255A) in the previously identified HLA-
B*44:02 restricted Gag epitope (WMTNNPPIPVG-
DIYKRW) [18] was observed, which may result in loss of
recognition by the T-cell receptor (TCR). To determine
whether the P255A mutation in the HIV capsid protein
had an effect on viral replication, it was cloned into the
NL4.3 Ba-L molecular clone and analyzed for replication
fitness in PBMC. We observed a slow replication of the
NL4.3 Ba-L P255A variant as compared to the wild-type
variant, during the first 5 days of the experiment (Fig. 5).
These data suggest that a strong and durable response of
Gag-specific CD8" T cells in combination with slower
replication associated with the P255A mutation is related
to long-term viral control in our case.

Discussion

Here, we describe a person who controlled HIV for
23 years after TI. The high viral load in plasma during

-e- BG505 SOSIP

-e- ConM SOSIP

-e- AMCO011 SOSIP
Receiving ART

1000
Days after diagnosis

1500

Fig. 3. HIV envelope binding IgG in serum. IgG antibody responses against several Env trimers [BG505 SOSIP (clade A); ConM
SOSIP (consensus group M); AMCO11 SOSIP (clade B)] were measured. A serum dilution of 1: 1000 was used for this assay. The
dotted lines represent the SOSIP specific cut-off, reflecting the IgG binding response of a pool of HIV negative serum. MFI, median

fluorescence intensity.
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a-CD28 stimulation (positive control). Red dot: person described in this study. Black dots: untreated, chronic HIV positive
individuals from the ACS cohort (Supplementary Methods, http://links.lww.com/QAD/C972).
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Fig. 5. Viral replication rate of NL4.3 Ba-L P255A. Viral replication rate of NL4.3 Ba-L (blue) and NL4.3 Ba-L P255A (red) in
PBMC from healthy donors determined by p24 production in the culture supernatant over 8 days.
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AHI as well as the absence of the protective HLA-B*57 or
B*27 alleles confirm that this person does not have the
profile of an elite controller. The isolation of a fully
replication-competent HIV shortly after ART initiation
and in-vitro susceptibility of CD4" T cells of the person
to HIV infection indicated that there were no intrinsic
viral restriction factors present. Moreover, at 18 years after
treatment interruption, the level of intact proviral DNA
was comparable to levels observed in chronically infected
individuals [19]. Interestingly, the strong HIV-Gag
proliferative CD8" T-cell response was already present
two months after infection and was maintained during
the entire follow-up. These data suggest that the high
numbers of precursor CD8" T cells recognizing the
conserved HIV-Gag protein and their robust proliferative
response upon antigen exposure are important factors in
the maintenance of PTC.

HIV immune control by T-cell responses has been
extensively described in elite controllers carrying
protective HLA-alleles [20,21]. PTCs were shown to
have in general low levels of CD8" T-cell responses
[6,22]; however, a CD8" Tecell mediated controlling
immune response in a PTC has been described [13]. In
that case, a robust polyfunctional Gag-specific CD8" T-
cell response was elicited already before ART initiation,
and residual viral replication, as evidenced by viral blips
after treatment interruption, was considered an impor-
tant driver of the high antiviral response. Moreover, the
emergence of escape mutations in HLA-restricted
CD8" Tcell epitopes may have led to loss of immune
control in that case [13]. The person described was
homozygous for the HLA Bw#4 allele B*44:02. This
allele has previously been associated with a lower peak
viral load, a high HIV-specific CD8" T-cell response
and prolonged HIV control during untreated infection
[16—18]. The high viral load that we observed in this
person early after infection contradicts that the HLA-
B*44 allele accounts for control in the case described
here. However, we did observe a mutation (P255A) in a
previously identified HLA-B*44:02 restricted Gag-
epitope and this mutation was associated with decreased
replication in vitro.

The HLA Bw4 allotype and Bw4 ligand KIR alleles
homozygosity have also been associated with HIV control
[17,23], a lower Gag-specific T-cell response [18], and
higher natural killer (NK) cell activity [23]. In a recently
published PTC case report, a favorable genetic back-
ground (Bw4 and KIR) may have contributed to NK-cell
mediated viral control [14]. In that case, a high frequency
of NKG2C CD57 memory-like NK cells and CD8' vy
T cells expressing NKG2C with increased cytotoxicity
for HIV infected cells were found [14]. In contrast, the
case we describe had a robust Gag-specific CD8+ T-cell
response, did not carry protective KIR alleles, and no
increased in-vivo NK cell activation (data not shown)
was observed.

Antibody responses targeting viral Env were stable during
complete follow-up, but did not display any neutralizing
activity. Broadly neutralizing antibodies (bINAbs) can
control HIV replication upon treatment interruption
[24-26]; however, these need to be very potent and
broad, be present at high concentrations and in a
combination of at least three bNAbs to prevent viral
escape and loss of control. Therefore, it is very unlikely
that the observed nonneutralizing antibody response
contributes to viral control in our case.

Taken together, our findings show that in the case
described here a potent CD8" T-cell proliferative
response in combination with slower viral replication
associated with the P255A Gag-mutation accounts for
23 years of PTC.

A small viral reservoir due to early treatment initiation
appears to be one of several prerequisites for PTC,
confirming the importance of early diagnosis of HIV
infection and starting ART during AHI. Nevertheless,
modeling of the viral reservoir dynamics has shown that a
large reduction of the viral reservoir is needed to delay
viral rebound only by a few weeks [27], which indicates
that additional induction of the HIV-specific immune
responses is necessary to achieve PTC. This PTC case,
together with earlier case reports, shows that difterent
components of the immune system, for example, NK
cells and CD8" T-cell responses, individually contribute
to PTC [13,14].
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