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Bystanders or real players: virtual memory T cells keep chronic
infections in check
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Jin et al. demonstrate that a recently defined T-cell population,
known as virtual memory T cells, accumulate with human
immunodeficiency virus (HIV), are inversely correlated with latent
viral load and may be uniquely well suited to eliminate latently
infected cells during chronic infections.
Infection with HIV presents many challenges to the immune

system, but viral reservoirs are one of the most intractable.
Treatment of HIV has been revolutionized by antiretroviral therapy
(ART), which effectively ablates viral replication in patients.
Unfortunately, a real cure remains elusive, as HIV will persist in
latently infected cells. The identification of immune mechanisms
that can reduce this latent reservoir may improve treatment and
progress cure strategies for HIV. In this issue, Jin et al. demonstrate
that the activity of an unconventional immune cell, the virtual
memory T (TVM) cell, may play a role.1

TVM cells are a population of semidifferentiated CD8 T cells that
are antigen-naive but express some markers of memory cells. Their
origin, features, and functions are well characterized in mice (Fig. 1).
They arise in the periphery from naive CD8 T cells whose
semidifferentiation is driven by cytokine signaling, particularly
IL-15.2 They accumulate relative to true-naive CD8 T cells with
age,3,4 and type I IFN signaling augments this accumulation.5 Since
TVM cells are semidifferentiated, they respond rapidly to TCR
stimulation, providing the first wave of responding cells during a
primary immune response to infections, such as Listeria mono-
cytogenes.6 They also respond in an innate-like manner to cytokines
and express natural killer (NK) cell receptors that enable them to kill
in an antigen-independent manner.7 While mouse TVM cells are well
characterized, putative TVM cells have only been recently defined in
humans on the basis of the expression of NK cell markers, including
killer cell immunoglobulin-like receptors (KIRs) and NKG2A.7,8

TVM cells are highly sensitive to cytokines produced during
infections. Studies in mice have shown that exogenous IL-152 or
IL-4 generated during helminth infections9,10 can expand TVM cells.
With helminth infections, this expanded population can improve
the control of subsequent listerial infections9 or chronic viral
infections with murid gammaherpesvirus 4 (MuHV-4).10 A major
outstanding question in the field has therefore been whether TVM
cells can also mediate the control of infections in humans,
particularly chronic viral infections such as cytomegalovirus (CMV),
Epstein–Barr virus (EBV), varicella virus, and HIV (Fig. 1).
In this regard, Jin et al.’s work is the first investigation of TVM cell

function in a human infection model.1 A key finding of this study
is that TVM cells increase in frequency and number in ART-treated

patients, and this result also correlates with lower HIV DNA as a
measure of the latent viral reservoir. A higher frequency of TVM
cells also correlates with increased levels of IL-15 and IFN-α in ART-
treated patients, indicating that patients with better control of HIV
infection possess a cytokine environment conducive for generat-
ing and maintaining TVM cells.
Jin et al.’s work also validates that putative human TVM cells

can exhibit innate-like immune function during an infection
such as HIV. Previous studies have demonstrated innate-like
functionality in mouse models11 and healthy humans,8 where
TVM cells produce IFN-γ rapidly upon IL-12 and IL-18 stimulation.
Jin et al. demonstrate that TVM cells from ART-treated patients
also have a higher production of cytolytic molecules and
cytokines than non-TVM cells upon stimulation with IL-12, -18,
and -15.
Finally, Jin et al. directly assesses whether NK cell-like killing

mechanisms contribute to the killing capacity of TVM cells in an
in vitro viral suppression assay. Latently infected CD4 T cells from
ART patients were used as targets to demonstrate that while total
CD8 T cells can kill target cells, the killing capacity is greater in
purified TVM cells. NK cells can mediate killing through the sensing
of human leukocyte antigen I (HLA-I) expression on target cells by
KIRs. When HLA-I or KIR2D are blocked in the viral suppression
assay with TVM cells, the killing of targets increases.
While this suggests that TVM cells can borrow the NK cell-like

mechanisms of cytotoxicity (Fig. 1), it is currently unclear
precisely how blocking HLA-I or KIR2D increases viral suppres-
sion. HLA-I blockade induces a robust increase in viral suppres-
sion.1 Given that latent infection with HIV has been seen to
downregulate HLA-I,12 HLA-I blockade presumably enhances this
“missing-self” signal to promote the killing of target cells. KIR2D
blockade induces a more subtle increase in viral suppression.1

This more subtle effect may reflect that KIR2D is only a subset of
KIRs that can mediate the sensing of the “missing self” or that
blockade simultaneously targets inhibiting (KIR2DL1/2/3) and
activating (KIR2DS) the isoforms of KIR2D. This is complicated by
the fact that it is not yet known which isoforms of KIR2D are
expressed by TVM cells. However, the overall implication of this
work is that the derepression of inhibitory KIRs leads to increased
killing and HIV reservoir control in vivo.
Given that TVM cells seem to play a role in HIV infection, a key

question then becomes whether they represent a universal
mechanism for the control of viral reservoirs in chronic viral
infections. TVM cells have already been shown to control early
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infection with MuHV-4 in mice,10 and CMV, EBV, and varicella virus
are obvious next candidates in humans, as they would provide a
strong evolutionary pressure for the emergence of such mechan-
isms. The ability of TVM cells to borrow NK cell receptor-mediated
killing pathways may make them uniquely well suited to control
latent infections in neurons and latency and transformation in
leukocytes with herpesviruses.
One application of this work could be to rationalize TVM cells as

an adjunct cellular or immunotherapy for HIV. For example, an
IL-15 superagonist has been administered in nonhuman primate
studies and clinical trials, with the aim of controlling HIV viral
reservoirs. These studies have demonstrated a transient increase
in viral control with IL-15,13 which may be due in part to an
increase in TVM cells. TVM cells could theoretically be expanded
in vitro with IL-15 and reinfused into ART patients to augment
control. One limitation may be that TVM cells in mice have limited
expression of chemokine receptors that permit access to the gut
mucosa, and the gut is thought to be a major reservoir of viruses
such as HIV.
Regardless, the complex nature of the HIV reservoir will likely

require the targeting of multiple mechanisms simultaneously to
eliminate this reservoir. As we discover these mechanisms, one by
one, we become one step closer to a functional or even true cure
for HIV.
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Fig. 1 TVM cell generation, homeostasis, and roles during acute and chronic infections. IL-15 is essential for the initial generation of TVM cells
and their self-renewal in the periphery, while type I IFNs promote their accumulation with age. During acute infection, TVM cells can be
expanded by IL-4 production during helminth infections, and expanded TVM cells can mediate rapid control of listerial infections. In chronic
infections, helminth-expanded TVM cells can promote the control of gammaherpesvirus infection in mice. The work from Jin et al. suggests
that increased IL-15 and type I IFN production during latent HIV infection increases the frequency of TVM cells, which can improve control of
the viral reservoir. This control may be mediated by NK cell receptor-mediated killing, involving HLA-I and KIRs
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