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This biennial Prize, which amounts to 12.500 EUR, rewards a scientific research achievement in
the field of viral infections, in connection with health.

This year, the Prize is awarded to :

Philippe LEMEY
PhD Medical Sciences - KU Leuven
Pharmacist - KU Leuven
Professor - KU Leuven
for his work :
Combatting HIV infections at different evolutionary scales: from revealing the factors of
historical spread to unravelling within-host dynamics
Since its discovery three decades ago, the AIDS epidemic has unfolded into one of the
most devastating pandemics in human history, and its cause, HIV, has been responsible
for nearly 75 million infections. By combining virology, evolutionary theory, statistical
computing and epidemiology, our team has developed and applied methodology to
unravel how HIV-1 got established in Central Africa and spread to the Americas. Using
models that bridge the gap between intrahost and interhost evolutionary dynamics we
demonstrated that transmission decreases the HIV-1 evolutionary rate, providing support
for a ‘germline’ lineage of viruses that avoids short-sighted evolution. At the within-host
level, we have supported studies of HIV-1 dynamics during combination antiretroviral
therapy that demonstrated a stable memory T cell reservoir maintained by homeostatic
cell proliferation.
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Philippe LEMEY
KU Leuven

"Combatting HIV infections at different evolutionary scales: from
revealing the factors of historical spread to unravelling within-host
dynamics"
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Summary
Introduction
Combating pathogen spread and its associated disease burden is a tremendous
challenge requiring sustained research efforts and decided public health measures. This is
particularly true for the acquired immunodeficiency syndrome (AIDS), which is the cause
of one of the most devastating global epidemics in human history. According to the 2016
report from the UNAIDS organization, the AIDS epidemic claimed more than 35 million lives
since the start of the epidemic. Currently, the number of people living with the virus
amounts to about 36.7 million globally (www.unaids.org).
HIV evolves rapidly and is characterized by an extraordinary high level of genetic diversity,
complicating vaccine development and antiretroviral treatment. Although treatment can
suppress viral replication, reservoir dynamics together with the emergence of drug
resistance limit its efficacy. From a scientific perspective however, the pattern of HIV
genetic diversity contains important information about biological factors acting on the
viral population, and about the drivers of spread of the virus, which might be exploited in
the struggle against HIV infection. Uncovering the evolutionary footprint in HIV genomes
can assist various research efforts at different scales, from clinical investigations of withinhost HIV dynamics to public health research targeting the global epidemic spread of the
virus.
Our team is performing research on HIV that covers these different scales and addresses
questions concerning 1) the epidemiological dynamics of different HIV lineages, 2) the
transmission dynamics of the virus and 3) within-host viral evolution. To tackle these
questions we need to integrate concepts of virology, evolutionary theory and population
genetic theory, statistics, bioinformatics, computer science and epidemiology. The
methodological advances that resulted from this work are now being applied to various
pathogens.
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HIV epidemiology and public health: what determines a successful emergence of
a pandemic?
On many different occasions, simian immunodeficiency viruses in African primates have
crossed the species barrier and entered the human population. This is the case for
different groups of HIV-1 and HIV-2, but only one of these – HIV-1 group M – is responsible
for the pandemic spread we observe nowadays. Determining under which circumstances
these viruses make the jump to humans and how they can be become established and
widespread is a crucial question in viral epidemiology, which can help us assessing the risk
of newly emerging viruses.
Motivated by earlier work on the origin and epidemic dynamics HIV-2 (1, 2) and HIV-1
group O (3), our team developed statistical methodology to decipher the historical
spread op viruses based on their gene sequences (4). Using a new phylogenetic
approach to reconstruct spatiotemporal spread, we focused on the pandemic group M
lineage in Central Africa in order to trace the initial steps that allowed the establishment of
this virus in the human population. We demonstrated that HIV-1 group M emerged in
Kinshasa around 1920 and followed the DRC’s transport links, in particular its railways, that
made Kinshasa one of the best connected of all central African cities (5). We showed that
the active transportation network available in Africa in the early 20th century, associated
with changes in sexual behavior and iatrogenic medical interventions contributed to a
perfect environment for further dissemination of the virus.
More recently, we collaborated with Prof. M. Worobey (University of Arizona), who
obtained HIV-1 genomes from the earliest available samples in the USA, including a
sample of the so-called ‘patient 0’ (6). Also in this work, we recovered a number of key
epidemiological events in the history of the virus: how HIV-1 was able to transition from
Africa to the Caribbean, and subsequently migrate to New York in the early 1970s. While
AIDS was only discovered in the early 1980s, the cases brought to light at the time were
only a sample of a decennium-old mature epidemic. Furthermore, we provided definite
proof that ‘patient 0’, the Canadian flight attendant, was not responsible for having
introduced and deliberately spread the virus across the USA. This shows that genomic
data is crucial in establishing patterns of epidemic spread and that they can debunk an
almost mythical concept that arose through misconceptions.
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Unraveling HIV transmission dynamics and bridging within and between host
evolution
Studying HIV transmission dynamics is not only of epidemiological importance, but it can
also shed light on the evolution of the virus under conflicting within-host and between-host
selective pressures. These arise because mutations that confer adaptation in one host can
impede the transmission rate to other hosts or they can even be detrimental in another
host. Understanding the interplay between these levels of selection is fundamental to
developing epidemiological models for the spread of drug resistant and immune escape
mutants. Furthermore, studying the ability of evolutionary techniques to accurately
reconstruct known epidemiological links can deliver important insights for public health
workers as well as for forensic applications.
By applying a new evolutionary model to a known HIV-1 subtype C transmission chain
identified at the University Hospital Leuven (7), we demonstrated that transmission
decreases the HIV-1 evolutionary rate, which supports the hypothesis that new infections
start preferentially with less evolved variants, which may be stored in latently infected cells.

Within-host evolutionary studies in support of efforts towards HIV eradication
Although HIV replication within hosts can be effectively suppressed by effective
combination antiretroviral therapy (cART), this does not eradicate HIV-1 infection.
Persistent low-level HIV-1 can still be detected in plasma and cellular reservoirs even after
several years of suppressive cART, and cessation of current treatments invariably results in
resumption of viral replication. Resting memory CD4 + T-cells constitute an important HIV
reservoir but also other cell types have been proposed to play a role in HIV persistence.
How different cells contribute to HIV dynamics and from which anatomical source they
are derived remains unclear. In addition to latency, low-level viral replication has also
been proposed as a mechanism that maintains HIV-1 during cART. Because of its clinical
consequences and impact on curative interventions, determining to what HIV replicates
during cART remains a key focus of HIV research.
Genetic analyses are also crucial in addressing these questions about HIV-1 dynamics
during cART. Embedded in different international and interdisciplinary collaborations, we
have complemented efforts to sample from the HIV-1 reservoir from patients under
suppressive therapy with evolutionary analyses in order to unravel the source and

7

dynamics of HIV-1 reservoirs. In a study by collaborators from the Karolinska Institute (8), we
determined the precise nature of the infected cell population during cART and explored
the role of HIV-1 replication in maintaining this reservoir. Our findings demonstrated that
the HIV-1 reservoir in memory T cells is kept stable during long-term cART, and it is more
likely to be maintained by homeostatic cell proliferation than by viral replication. In a
longitudinal follow-up study of HIV-1 in T-cell subsets in different tissue compartments from
patients on cART (9), our phylogenetic analyses revealed that resting memory T-cells
maintained a relatively stable viral reservoir in its size and its genetic composition during
long-term effective cART. Again, the reservoir appeared to be maintained by cellular
proliferation and longevity of infected cells rather than by ongoing viral replication. In
addition to supporting studies of HIV latency and replication during cART, we also
developed and applied evolutionary inference techniques to address other hypotheses
about HIV within-host dynamics, for example to assess the connection between HIV-1
evolution and disease progression (10, 11).

Conclusions and perspectives
Evolutionary insights can assist the struggle against viruses in many different ways. For HIV,
this ranges from within-host evolutionary dynamics and its relationship with treatment and
disease progression to transmission dynamics and epidemic spread. Many of the statistical
and computational approaches our team developed to study HIV are now being applied
to different pathogens. Now that sequencing technologies allow viral genome
sequencing in near real-time, evolutionary approaches can also take up a critical role in
outbreak control (12). Our team will continue this research by learning from the past, but
at the same time, looking to the future.
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