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Abstract

Background: The ability to prioritize people living with HIV by risk of future transmissions could aid public
health officials in optimizing epidemiological intervention. While methods exist to perform such prioritization
based on molecular data, their effectiveness and accuracy are poorly understood, and it is unclear how one can
directly compare the accuracy of different methods. We introduce SEPIA (Simulation-based Evaluation of
PrIoritization Algorithms), a novel simulation-based framework for determining the effectiveness of
prioritization algorithms. Under several metrics of effectiveness that we propose, we utilize various properties of
the simulated contact networks and transmission histories to compare existing prioritization approaches: one
phylogenetic (ProACT) and one distance-based (growth of HIV-TRACE transmission clusters).

Results: Using all metrics of effectiveness that we propose, ProACT consistently slightly outperformed the
transmission cluster growth approach. However, both methods consistently performed just marginally better
than random, suggesting that there is significant room for improvement in prioritization tools.

Conclusion: We hope that, by providing ways to quantify the effectiveness of prioritization methods in
simulation, SEPIA will aid researchers in developing novel tools for prioritizing people living with HIV by risk of
future transmissions.

Keywords: SEPIA; HIV; Prioritization; Metrics; Simulation-based Evaluation; FAVITES; Phylogenetic

Background
Molecular data gathered on human immunodeficiency
virus (HIV) is useful for understanding the systems of
epidemic spread of HIV. Such understanding can bet-
ter allow us to intervene and treat high-risk groups
of individuals. Methods of epidemic intervention in-
clude treatments such as antiretroviral therapy (ART)
and awareness programs [1]. When people living with
HIV adhere to ART, they may experience viral sup-
pression, which results in a significantly reduced risk
of transmission. Thus, ART distribution and adher-
ence is a potentially effective approach to combating
the spread of HIV. However, a major issue for pub-
lic health officials is the limited amount of resources
available. Because of this, officials need to ensure that
their limited resources are allocated optimally to best
reduce the spread of an epidemic.
In many parts of the world, when testing and treat-

ing individuals living with HIV, it has become stan-
dard practice to record various pieces of metadata
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about the patient, including a viral genomic sequence
(often of the pol and gag regions). This information is
often used to determine groups of individuals with a
high risk of future transmission, which can allow public
health officials to better allocate their limited resources
[2]. The prioritization of people living with HIV can be
explored in a computational framework: given a list of
individuals along with metadata and a viral sequence
from each individual, order the individuals in descend-
ing order of inferred risk of future transmission.
Molecular epidemiology provides a natural frame-

work for prioritizing individuals from viral sequence
data. Currently, the standard approach is to use HIV-
TRACE [3] to infer transmission clusters based on
pairwise distances between sequences, monitor the
growth of the transmission clusters over time, and pri-
oritize individuals in descending order of transmission
cluster growth. ProACT [4], on the other hand, is a pri-
oritization approach that utilizes properties of a phy-
logeny inferred from the viral sequences.
The following questions naturally arise: how well

does a given prioritization method perform, and which
method is superior in specific contexts? With real-
world data, the ground truth of who transmitted to
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whom is typically unavailable or error-prone. Further,
even with a known transmission history, it is unclear
how to quantify effectiveness: do we count the num-
ber of transmissions from a single individual? Do we
count the total number of transmissions in a trans-
mission chain seeded from a single individual? Rather
than the transmission network itself, perhaps we are
interested in properties of the underlying contact net-
work (e.g. prioritize individuals with large numbers of
social contacts)? Thus, it is unclear how to even quan-
titatively assess the performance of different prioriti-
zation methods.
To address this open problem, we introduce SEPIA

(Simulation-based Evaluation of PrIoritization Algo-
rithms), a novel simulation-based framework for mea-
suring the effectiveness of prioritization algorithms.
SEPIA utilizes simulated epidemic data, such as those
generated by FAVITES [5] or PANGEA.HIV.sim [6],
to define a ground truth with which prioritization
methods can be directly compared. The user runs
their prioritization method on a simulated dataset, and
then given the prioritization as well as the simulated
dataset, SEPIA will measure the effectiveness of the
prioritization using any of the metrics defined below.

Methods
Given a prioritization, SEPIA computes an effective-
ness score according to one of several metrics we have
implemented, defined below.

• Metric 1: Direct Transmissions This metric
aims to quantify the direct impact of each indi-
vidual u on the spread of the virus within a popu-
lation by counting the total number of individuals
to whom u directly transmitted.

• Metric 2: Transmission Rate This metric aims
to quantify the rate of transmission of each indi-
vidual u, giving higher values to those who trans-
mitted to the most individuals over shorter and
more recent time periods. Specifically, for each in-
dividual u, we produce a step function represent-
ing the number of transmissions from individual
u over time (Fig. 1) starting from the time of u’s
first transmission and ending at the termination
of the simulation, and we measure the slope of a
regression line inferred from the step graph. Be-
cause the horizontal axes of all individuals’ step
graphs are bounded by the same simulation end
time, an individual with more frequent and re-
cent outgoing transmissions with respect to the
end-time will have a steeper slope and will thus
be assigned a higher value.

Figure 1
Metric 2. The horizontal axis represents time, and the vertical
axis represents the individual’s number of transmissions.
Because Person B has transmitted to more individuals more
recently than has Person A, the regression line of Person B
has a larger slope.

• Metric 3: Indirect Transmissions This metric
expands on Metric 1 in order to quantify an indi-
vidual’s broader impact on the community. Specif-
ically, for an individual u, we count the number of
individuals who were infected by somebody who
was infected by u (i.e., we count the secondary
transmissions of u).

• Metric 4: Direct and Indirect Transmis-

sions This is the sum of Metrics 1 and 3.

• Metric 5: Number of Contacts Metric 5 mea-
sures each individual’s total number of contacts
in the underlying contact network.

• Metric 6: Number of Contacts and Trans-

missions This is the sum of Metrics 1 and 5.

Given a prioritization and the simulated data from
which the prioritization was produced, for a given se-
lected metric, SEPIA will compute a value for each
individual in the prioritization (Fig. 2). Given a prior-
itization with a computed metric value for each indi-
vidual, SEPIA then constructs an “optimal” prioriti-
zation by simply sorting the individuals in descending
order of metric value. To compare the user-given pri-
oritization against the optimal, SEPIA computes the
Kendall Tau-b rank correlation coefficient [7].
We used SEPIA to compare the effectiveness of two

molecular epidemiological prioritization methods. One
approach is to use HIV-TRACE to infer transmis-
sion clusters from pairwise distances of viral sequences,
monitor the growth of the transmission clusters over
time, and prioritize individuals in descending order
of transmission cluster growth. The other approach
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Figure 2 Flowchart of the stages of the SEPIA workflow. The
first two boxes indicate SEPIA’s two required inputs: the
simulated data and a prioritization of the individuals in the
simulated data. In Steps 1 and 2, each individual in the
prioritization is paired with a count value, calculated by
observing a selected observation (metric) in the simulated
data. In Step 3, we calculate the Kendall Tau-b correlation
coefficient between these count values and the theoretically
optimal ordering of count values.

is ProACT [4], a method that utilizes properties of a
phylogeny inferred from the viral sequences. We used
a simulated dataset produced by FAVITES to emulate
the HIV pandemic in San Diego between 2005 and 2014
[5]. The simulated datasets vary the expected degree in
the contact network (Ed), the rate at which individu-
als begin ART (λ+), and the rate at which individuals
stop adhering to ART (λ

−
).

Results
As can be seen in Figure 3, ProACT consistently out-
performed HIV-TRACE transmission cluster growth
using all metrics on all simulation conditions. However,
both tools consistently had Tau-b scores marginally
higher than 0, implying that they are performing only
marginally better than a random ordering. As the rate
of starting ART (λ+) increases, the rate of stopping
ART (λ

−
) increases, and the expected degree (Ed) in-

creases (i.e., as the outbreak spreads more quickly),
ProACT’s performance with respect to metrics 5 and
6 seems to increase slightly. Otherwise, both ProACT
and HIV-TRACE transmission cluster growth seem to
perform fairly consistently across experimental condi-
tions.

Discussion
Across all defined metrics and all considered simu-
lation conditions, ProACT consistently outperformed
prioritization by HIV-TRACE transmission cluster
growth. However, both approaches consistently per-
formed just marginally better than a random ordering,

implying that there is room for significant improve-
ment in the realm of HIV prioritization.
It must be noted that, while we aimed to provide gen-

eralized results by varying key simulation parameters,
the simulated epidemics are specifically modeled after
the HIV epidemic in San Diego. Molecular epidemiolo-
gists will need to assess prioritization techniques using
simulated datasets representative of the pathogens and
communities in which they are interested.
We hope that SEPIA will enable researchers to quan-

tify and assess the effectiveness of different prioritiza-
tion approaches in order to select the best existing
prioritization method for their communities, develop
new prioritization methods that improve upon exist-
ing ones, and, ultimately, maximize the impact of the
limited resources available to public health officials.
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Metric Results On ProACT and HIV-Trace

Figure 3
Efficacy of ProACT and HIV-TRACE across all metrics on datasets simulated using FAVITES. The violin plots depict the Kendall
Tau-b correlation coefficients between experimental and optimal orderings across 20 replicates for each experimental condition,
where Ed denotes the expected number of contacts per individual, λ+ denotes the rate at which individuals begin ART, λ

−
denotes

the rate at which individuals stop ART.



Figures

Figure 1

Metric 2. The horizontal axis represents time, and the vertical axis represents the individual's number of
transmissions. Because Person B has transmitted to more individuals more recently than has Person A,
the regression line of Person B has a larger slope.



Figure 2

Flowchart of the stages of the SEPIA work ow. The �rst two boxes indicate SEPIA's two required inputs:
the simulated data and a prioritization of the individuals in the simulated data. In Steps 1 and 2, each
individual in the prioritization is paired with a count value, calculated by observing a selected observation
(metric) in the simulated data. In Step 3, we calculate the Kendall Tau-b correlation coe�cient between
these count values and the theoretically optimal ordering of count values.
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