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About 37 million people are currently infected with HIV and an estimated
35 million people have died due to the effects of AIDS (the eventual result of an
untreated HIV infection) since the beginning of the epidemic at the start of the
twentieth century. Global efforts have ensued to enhance the collection, dissemination and accessibility of epidemiological data related to HIV epidemics. One
of the most burdensome aspects in curtailing the spread of HIV emerges from
infected individuals being unaware of their infection status. This stems from
the fact that a human host can be infected for many years before noticing any
symptoms. As a result, a significant fraction of the HIV infected population
remains undiagnosed, hampering effectiveness of interventions and assessment
of further developments of the epidemic. Consequently, methods that deliver a
well-founded estimate of the number of HIV infected individuals are paramount.
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Such an estimate enables deduction of the number of undiagnosed infected individuals. State-of-the-art methods that aim to provide estimates of the size
of HIV epidemics generally consist of applying compartment models to routine
surveillance data to estimate the number of infected individuals (i.a., number
of new diagnoses over time and CD4+ cell counts).
An abundance of clinical data is available in the context of HIV epidemics,
as upon diagnosis a number of tests are performed and the results thereof collected. One of those tests comprises the assessment of the genotype of the virus
that infects the patient. To that extent, the genetic sequence of the virus is
determined. As a result, a vast amount of HIV sequences have been collected
over the last decades.
The main benefit of developing a method to quantify a HIV epidemic that
relies on genetic data is to gain insight into the specific sub-populations that
contain a high rate of undiagnosed individuals, thus allowing for more effective
health policies, through diagnosis strategies that are directed towards these particular sub-populations.
We validate our research on the HIV-1 epidemic in Portugal. We therefore first
present inference of the epidemiological parameters of said epidemic by applying
approximate Bayesian computation (ABC). We apply ABC to fit a model that
incorporates the epidemiological parameters in question. We further show that
calibrating simulations to specific epidemics is essential, as the epidemiological
dynamic has an important impact on the shape of the phylogenetic tree. We
then construct a tree statistic that enables differentiation of epidemiological parameters based on phylogenetic trees and evaluate it on a set of epidemiological
simulations. We show that the presented tree statistic enables differentiation
of epidemiological parameters, while only relying on phylogenetic trees, thus
enabling the construction of new methods to ascertain the epidemiological state
of an HIV epidemic. By using genetic data to infer epidemic sizes, we expect
to enhance understanding of the portions of the infected population in which
diagnosis rates are low.
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