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VIRAL LATENCY

Down but not out

A new study in monkeys suggests that treating HIV infection early with

antiretroviral therapy reduces the number of latent viruses, but has little

impact on viral reactivation when treatment stops.
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hen you imagine viruses hiding from

your immune system, you may think

of the herpes simplex virus, responsi-
ble for cold sores and genital herpes, or the vari-
cella-zoster virus, which causes shingles. These
viruses can persist for decades in a hibernation-
like state known as latency and avoid detection
by our immune system (Kennedy et al., 2015).
Latent viruses can sometimes awaken and begin
replicating once more, causing symptoms and
spreading infection (Lieberman, 2016).

The human immunodeficiency virus (HIV) is
similarly a master escape artist. It forms a latent
reservoir early in infection, allowing the virus to
evade the immune system and to survive long-
term. People living with HIV take daily medica-
tions known as combination antiretroviral ther-
apy (or ART) to prevent the virus from
replicating. However, ART is not a cure, as it
does not target viruses that are already latent.
These drugs are therefore given for the lifetime
of an individual: stopping treatment, even for a
few weeks, will allow the latent viruses to reacti-
vate and rekindle active infection. People with
HIV can expect to have long, healthy lives due to

ART, but latent viruses will always be present in
their body.

Finding a cure for HIV requires being able to
eliminate or control the latent viral reservoir.
However, some key questions still need to be
addressed to achieve this goal. How, when and
where does HIV establish latency? What is the
size of the latent reservoir, and the best way to
measure it? What triggers latent viruses to reac-
tivate? Now, in elife, Miles Davenport, Brandon
Keele and colleagues from the University of New
South Wales and the Frederick National Labora-
tory for Cancer Research - including Mykola Pin-
kevych as first author — report when the latent
reservoir is established in a non-human primate
model of HIV and how much of the reservoir can
be reactivated (Pinkevych et al., 2019).

In this study, the team infected rhesus maca-
ques with simian immunodeficiency virus (SIV), a
precursor virus which is endemic in African mon-
keys and genetically similar to HIV (Williams and
Burdo, 2009). At some point during the 20%
century, SIV jumped from non-human primates
into humans; this cross-species transmission
event, coupled with rapid evolution, allowed the
virus to efficiently spread in people and to cre-
ate the ongoing HIV pandemic (Keele et al.,
2006).

Pinkevych et al. began by infecting rhesus
macaques with an engineered SIV containing
over 10,000 unique randomized sequences of
DNA,; once sequenced, these 'barcodes’ allow
individual viruses to be identified
(Fennessey et al., 2017). The monkeys were
then treated with antiretroviral therapy 4, 10, or
27 days after infection. These intervals simulate
acute (4 days), early (10 days), or late interven-
tion (27 days) with ART in humans. The drugs
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Figure 1. The timing of antiretroviral therapy influences the size of the latent reservoir. Without treatment, cells
infected with actively replicating virus (productively infected cells; shown in green) create infectious viruses. A
minority of infected cells contain viruses that can persist indefinitely as a latent reservoir (latently infected cells;
shown in gray), and these viruses can potentially be reactivated at a later date. Treatment administered during the
acute phase of infection (that is, within days or weeks of primary infection; yellow curve) results in a smaller latent
reservoir than when treatment is initiated early (within six months of infection, light blue) or during chronic
infection (more than 6 months since infection, violet). If treatment is stopped (dashed line), the virus reactivates
from these reservoirs at similar levels to rekindle active infection and re-seed the latent reservoir.

were given for approximately a year, and the
virus was completely suppressed in all animals.
The treatment was then stopped and the latent
virus was allowed to reactivate. Using genetic
sequencing and mathematical modeling, the
team determined the size of the latent reservoir
of SIV and how it would reactivate.

In the monkeys, starting the treatment four
days after infection did not block the formation
of the latent reservoir, but did reduce its size by
approximately 100-fold compared to later ART
initiation. Similarly, people who begin ART
within days of acquiring HIV have an extremely
small reservoir compared to those who start
treatment later (Luzuriaga et al., 2015;
Henrich et al., 2017). Despite these large differ-
ences in overall reservoir size, once ART was
stopped the latent viruses reactivated at similar
rates in acute, early, and late-treated animals
(Figure 1). Pinkevych et al. therefore conclude
that the majority of viruses which have the
potential to reactivate are establishing latency
early after infection.

To explore why the timing of the treatment
did not seem to influence the rate of reactiva-
tion, the team measured the level of genetic

mutations in the latent viruses. If viruses accumu-
late more damaging mutations the longer they
are actively replicating in the body, this would
suggest animals receiving delayed ART could
carry a larger proportion of latent viruses that
are defective and cannot reawaken. However,
the team found that the majority of viruses
(more than 80%) were genetically intact across
all animals, regardless of when treatment
started. This is quite different to what happens
with HIV infection in humans, where most of the
latent viruses contain major genetic mutations
and deletions, leaving just a small fraction
(between 2% and 11%) that are capable of reac-
tivation (Ho et al., 2013; Bruner et al., 2019).

A recent study, which evaluated the dynamics
of the HIV reservoir in people on stable ART,
identified another discrepancy between this SIV
model and HIV latency in humans. Despite ongo-
ing ART, latent HIV can sometimes spontane-
ously reactivate and the Vviruses
detectable in the blood for a short while. In
humans, these viral ‘blips’ are phylogenetically
linked to a viral reservoir established not just at
initial infection, but across years of untreated
infection (Jones et al., 2018). The reasons

become
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underlying these differences are not well under-
stood and represent important areas for ongo-
ing research.

Despite differences between non-human pri-
mate models and human HIV infection, the work
by Pinkevych et al. confirms that viral latency is
established extremely early after infection. These
results indicate that antiretroviral therapy should
be started as soon as possible to control HIV
infection and reduce latent reservoir size. Much
is still unknown about how HIV latency is estab-
lished and maintained, especially under treat-
ment; however SIV models will remain an
important tool to understand how to eradicate
the latent reservoir.
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