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Abstract—Since the onset of the COVID-19 pandemic, mil-
lions of coronavirus sequences have been rapidly deposited in
publicly available repositories. The sequences have been used
primarily to monitor the evolution and transmission of the virus.
In addition, the data can be combined with spatiotemporal
information and mapped over space and time to understand
transmission dynamics further. For example, the first COVID-
19 cases in Australia were genetically related to the dominant
strain in Wuhan, China, and spread via international travel.
These data are currently available through the Global Initiative
on Sharing Avian Influenza Data (GISAID) yet generally remains
an untapped resource for data scientists to analyze such multi-
dimensional data. Therefore, in this study, we demonstrate a
system named Phyloview, a highly interactive visual environment
that can be used to examine the spatiotemporal evolution of
COVID-19 (from-to) over time using the case study of Louisiana,
USA. PhyloView (powered by ArcGIS Insights) facilitates the
visualization and exploration of the different dimensions of
the phylogenetic data and can be layered with other types of
spatiotemporal data for further investigation. Our system has the
potential to be shared as a model to be used by health officials that
can access relevant data through GISAID, visualize, and analyze
it. Such data is essential for a better understanding, predicting,
and responding to infectious diseases.

Index Terms—COVID-19, phylogeny, genomic sequence, spa-
tiotemporal data, data science

[. INTRODUCTION

More than 8.7 million SARS-CoV-2 genome sequences
from 241 countries and territories have been shared publicly
as of late February 2022 and made available to research com-
munities through a repository called the Global Initiative on
Sharing Avian Influenza Data (GISAID) [22], [29]. Originally
an initiative to foster the collaborative sharing of influenza
virus data, GISAID is now a trusted and widely-used platform
for the rapid sharing of data from all influenza viruses and
SARS-CoV-2, including genetic sequences as well as related
clinical, epidemiological, and geographical data [10].

A phylogenetic tree is a hierarchical visualization of the
pathway through evolutionary time from a common ancestor
to its genetic decedents [1]. Figure 1 shows an example of
a phylogenetic tree for GISAID data obtained for Louisiana,
USA [12], [13]. The location of the sequenced cases is
generalized to different geographic scales, but is most detailed
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Fig. 1. A phylogenetic tree to visualize evolutionary relationships. Each node
corresponds to an observed and sequenced case. Edges correspond to inferred
most recent common ancestor of a node. Nodes contain spatial and temporal
information which PhyloView leverages for visual analysis.

for cases that fall within Louisiana, in which case the location
of the sequenced case is identified at the parish level (similar
to a US county). An ancestor or descendent node that falls
outside Louisiana may be generalized to the state, country, or
continent level. The root of this tree corresponds to the first
observed case of COVID-19 in Wuhan, China, and is the only
node in this data set corresponding to the city level.

Since the phylogenetic data of the virus contain both spatial
and temporal data, they can be mapped over both space and
time. Figure 2 shows the phylogenetic tree data as described
above, but transposed into geographic space. Leveraging such
phylogenetic information, which includes not only information
about “where” but also “from-where”, “to-where”, and “when”
enables much greater insights into understanding the spread
and evolution of viruses, which may improve our preparedness
for future diseases.

While phylogenetic data are currently available through
GISAID, it generally remains an untapped source for data
scientists who can analyze such multi-dimensional data. There-
fore, the goals of this demonstration paper are to 1) show
the potential of combining phylogenetic epidemiology with
spatiotemporal data science to understand the spread and
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evolution of diseases, 2) raise awareness of the availability
and dimensions of phylogenetic data to the data science
and engineering community, 3) provide a system, namely
PhyloView (powered by Esri ArcGIS Insights [6]) that has the
potential to support local health departments and researchers
across the world for rapid analyses of COVID-19 transmission
in space and time, and 4) help establish new research directions
that combine phylogeny and data science to find hotspots, to
identify key nodes in phylogenetic disease networks, and to
leverage this understanding to prepare for future epidemics
and pandemics.

After surveying the related work on data-driven under-
standing of disease spread in Section II, we formally define
spatiotemporal phylogenetic data as used by PhyloView in
Section III. Section IV describes how spatiotemporal phylo-
genetic data can be obtained for analysis through public data
repositories. In Section V, we describe various visualization
approaches used for understanding different aspects of the
genome data. Our proposed PhyloView system which lever-
ages and connect these visualization approaches is described
in Section VI. In Section VII we present applications of
PhyloView while Section VIII concludes the paper.

II. RELATED WORK

Since the onset of the COVID-19 pandemic, the spatiotem-
poral data science community has made tremendous advances
to improve our understanding of the spread of the COVID-19
virus [34], [35], [31]. Solutions have been proposed to map
the change of mobility in response to the pandemic [9], to
detect clusters of cases [17], to improve contact-tracing solu-
tions [23], [32], to predict new cases over space and time [2],
and to develop data-driven simulations of disease spread [26],
[33]. The works commonly use fine-grained human mobility
data and COVID-19 incident data. Phylogenetic data offer an
opportunity to enrich COVID-19 incidence information with
flow information by leveraging empirical observations that
directly capture the evolution and spread of the disease. Yet,
to the best of our knowledge, no existing work in data mining
and data engineering communities uses any phylogenetic data.

At the same time, studies in epidemiology and biology
have analyzed the evolution of COVID-19 and transmission
patterns [4], [18], [16]. These studies focused mainly on
the genealogical aspects of the virus, the evolution of the
virus towards different strains, the effect of mutations on the
human immune response, and the epidemiologic relationships
between cases. Other work has focused on understanding the
evolution of COVID-19, in space and time, using phylogenetic
data [7], [28], but to our knowledge no studies provide the
opportunity to explore multiple dimensions (strain, phylogeny,
spatial-temporal patterns) of the data concurrently.

III. SPATIOTEMPORAL PHYLOGENETIC DATA
In the same way that DNA paternity testing can determine
the (likely) biological parents of a human, a phylogenetic anal-
ysis of the genetic sequence of the RNA (ribonucleic acid) of a
virus like SARS-CoV-2 can determine the (likely) most recent
ancestor of the virus [3]. The reason we cannot directly infer
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Fig. 2. Geographic representation of COVID-19 phylogeny.

the direct “’biological parent” of a virus is that only a small
fraction of observed viral cases are sequenced. For example,
from January 2020 to November 2021, 4,963,718 sequences
have been shared via GISAID. Of these, the USA has shared
1,526,198 sequences, the highest number of sequences shared
globally. Yet, this effort captures only 3.31% of the reported
cases in the US [11]. An overview of the coverage of COVID-
19 genome sequencing in different area across the globe is
found in [24].

Thus, when a case of COVID-19 of a person Z is sequenced,
the direct parent of this case (from the person Y that exposed
Z) may not have been sequenced and thus, may not be
included in the database. The same may apply for the person
X that exposed Y, and so on. The most recent ancestor refers
to the youngest ancestor of Z, which has been sequenced (and
thus, is contained in the database).

In addition to purely phylogenetic data based on RNA
sequencing, public databases also provide location information
of an observed case and time information. We formally define
a spatiotemporal phylogenetic database as follows.

Definition 1 (Spatiotemporal Phylogenetic Database): Let
C = {c1,...,cn} be a collection of N cases and let ¢;
(t;,s;) where t; € T is a time-stamp from a time do-
main 7 (such as daily dates since Jan. Ist 2020) and s; €
([-90,90],[-180,180]) is a latitude/longitute pair encoding
a geolocation. Further, let P : C » C U 1 denote a functional
relation that maps each case to their most recent ancestor (L
in case of the first case, which has no ancestor).

IV. PHYLOGENETIC DATA AVAILABILITY

The GISAID provides free and open access to genomic data
of influenza viruses and the coronavirus responsible for the
COVID-19 pandemic [30]. As of late February 2022, more
than 8.7 million sequenced cases of COVID-19 have been
shared, including spatiotemporal and phylogenetic information
as described in Definition 1. These data are shared via two
separate files: The genomic epidemiology database contains
spatiotemporal information for each case, including date, geo-
coordinates, age, and gender of the reported case. This dataset
also includes the sequenced genome of each case. The full
phylogenetic tree is shared in the Audacity platform [5] within
the GISAID platform, which provides a single text file that can
be parsed into a tree representation. This file also includes a
table that matches each of the nodes of this tree to a unique
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identifier that can be joined with the genomic epidemiology
database to link spatiotemporal information. GISAID directly
allows users to select spatial regions and time intervals. This
enables, for example, local health departments to obtain data
for their region, or to support contact tracers with possible
origins of an observed case during a specific time of interest.

The goal of this work is to allow users and health officials
to rapidly visualize and explore spatiotemporal phylogenetic
data obtained from GISAID. Therefore, PhyloView not only
sheds light on this data for the spatiotemporal data science and
data engineering community but also provides a tool so that
researchers and public health partners can rapidly visualize,
explore, and analyze the data and gain insight towards its use
for better understanding the evolution and spread of the virus.

V. VISUAL ANALYSIS OF INFECTIOUS DISEASE DATA

What makes the analysis of phylogenetic data challenging is
the multitude of different data types combining spatial, tempo-
ral, variant, and genomic information. This section describes
various visualization approaches used for better understand-
ing different aspects of the data. Specifically, Section V-A
describes how to visualize phylogenetic relationships using
a phylogenetic tree. Then, Section V-B presents using a spa-
tiotemporal disease ecology map to understand the spread of a
disease in space and time. Section V-C proposes a geographic
diseases spread network to understand the spread between
regions and Section V-D describes the use of disease strain
networks to understand the evolution of a virus. Once these
different aspects of visualizing infectious diseases data are
described, we will introduce our proposed system PhyloView
in Section VI to connect these different visualization ap-
proaches for a more holistic view of the spread and evolution
of infectious diseases across space and time.

A. Phylogenetic Tree Visualization

We note that the most recent ancestor relationship is acyclic,
since for any (c;,c;) € P, denoting that ¢; is the most recent
ancestor of ¢;, it must hold that ¢; < t;, that is, the case c;
must have occurred before ¢; in time. Since the relation P is
acyclic and maps each case to at most one ancestor (except
for a root for which no ancestor is sequenced), the graph is
defined by P is a forest. In the case where all cases have a
single common ancestor, that is the case where the first case
has been sequenced, the graph defined by P is a tree rooted
in the first case. We call this tree defined by the most recent
sequenced ancestor relationship P a phylogenetic tree.

To illustrate the relationship P, Figure 1 shows an example
phylogenetic tree for COVID-19 cases sequenced with a
geographic focus on Louisiana. In this case, the phylogenetic
information yields a single tree that is rooted in the first
case observed in Wuhan, China, as their most recent common
ancestor. We note that for a specific region or time interval,
the phylogenetic information may yield a forest with multiple
roots, rather than a single tree, as some cases may not have a
single common most recent ancestor.
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B. Spatiotemporal Disease Ecology Map

The most recent sequenced ancestor relationship P allows
us to understand the phylogenetic ancestor of an observed case.
Phylogenetic databases such as the Global Initiative on Sharing
Avian Influenza Data (GISAID) [22], [29] additionally provide
the location and time of observed cases. Such spatio-temporal
information has been used to understand the location of cases
and clusters among them as done in previous studies [27],
[8]. But by combining spatiotemporal information with phy-
logenetic data, we gain information to understand for each
observed (and sequenced) case not only where it occurred,
but also where it came from. Drawing the cases on a map
and connecting them by their phylogenetic relationships P
yields a spatiotemporal diseases ecology map. Figure 2 shows
such a spatiotemporal diseases ecology map for the Louisiana
data for which the phylogenetic tree is shown in Figure 1.
Note that while Figure 2 only shows cases in Louisiana, their
phylogenetic ancestry links to cases outside of Louisiana and
across the world. Figure 2 lacks the details to gain a deep
understanding of how a disease may have spread from/to a
specific Parish in Louisiana. What is needed is a system that
allows exploring such data by allowing to Zoom in and select
specific regions, highlight incoming/outgoing edges from the
region, and that allows to “replay” the occurrence of these
edges over time to gain an understanding of both spatial and
temporal ecology of the diseases. Our proposed system to
provide this functionality is described in Section III.

C. Geographic Disease Spread Networks

A different approach for visualizing both the location of
cases and the phylogenetic relationship P between locations
is using a geographic disease spread network as shown in
Figure 3. In such a network, the nodes of a phylogenetic
tree (see Figure 1) are aggregated by region. Thus, a node
of a geographic disease spread network corresponds to entire
region and the visualized size of the node corresponds to
the count of the number of cases within the region. Corre-
spondingly, an edge between two regions corresponds to the
number of phylogenetic ancestry relationships between them.
It is noted that the resulting network is no longer a tree, as
there may now exist cycles in this network. For example,
there might be a case in Region A that is the most recent
ancestor of a case in Region B and this case may be the
most recent ancestor of a (later) case in Region A. We also
note that some of the areas from disconnected components
appear to contradict the assumption of a fully connected tree
‘P. This is due to some of cases in the GISAID dataset having
missing data for their location. These cases are omitted in the
geographic disease spread network and the children of these
cases (in the phylogenetic tree defined by relation P) have
no ancestor in the geographic disease spread network. While
interesting, the geographic disease spread network of Figure 3
does not allow us to gain any deeper understanding of the
spatiotemporal ecology of disease due to the overwhelming
number of nodes and edges. To gain a better understanding,
we need a system that allows us to zoom into sub-networks
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Fig. 3. The Geographic Spread Network for the Louisiana data. Nodes of
the network correspond to spatial regions. Links between regions correspond
to the most recent sequenced ancestor relationship 7. The size of a node
corresponds to the number of cases observed in a region and the size of an
edge corresponds to the number of observed ancestor relationships between
two regions.

of interest, select specific nodes, and filter adjacent nodes. For
example, the local health department of a specific parish in
Louisiana may want to Zoom into the local subnetwork around
the node corresponding to the parish. Our proposed system
PhyloView, described in Section III provides this functionality.

D. Disease Strain Evolution Networks

In addition to investigating the spatiotemporal ecology of a
disease in a region, it may also be of interest for health officials
to understand the different strains of various that emerged (or
may emerge) in a region. Figure 4 shows the phylogenetic
network for the Louisiana dataset used in previous examples,
in which cases are grouped by their Nextstrain clade [14].
Again, we observe disconnected components in the phylo-
genetic network due to missing information of the clade on
some of the cases observed in the GISAID dataset. Interesting
in Figure 4 is the Nextstrain clade B.1.1.7, which is, during
the time interval depicted, newly emerging. This is the strain
that originated in Britain, has since spread across the globe to
over 90 countries, and is widely known as the Alpha Variant.
Such visualization is interesting for health officials but also
for biologists and epidemiologists to understand the spread
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Fig. 4. The Phylogenetic Network for the Louisiana data. Nodes correspond
to strains of SARS-CoV-2 variants and mutations (clades) of interest. Links
between clades correspond to the most recent sequenced ancestor relationship
P. The node size corresponds to the number of cases observed for a clade,
and the size of an edge corresponds to the number of observed ancestor
relationships between two clades.

of different strains of an infectious virus on a global level
but also at a local level to protect vulnerable communities.
What is needed is a system that allows us to select data for
specific communities, visualize the phylogenetic network of
the selected community, and select time frames to visually
analyze the emergence of strains to improve our understanding
of infectious diseases ecology.

VI. PHYLOVIEW: SYSTEM DESCRIPTION

PhyloView allows users to explore any set of spatiotemporal
phylogenetic data visually by fusing location analytics with
open data science and business intelligence workflows. It
enables health departments to visualize data of interest and
to understand infectious disease ecology. This visualization
empowers analysts of all skill levels to directly connect data,
perform advanced analytics, and dissect results for helping
health officials to understand lessons learned from the COVID-
19 pandemic and better prepare for future pandemics.

In the following Section VI-A, we describe the func-
tionality of PhyloView using data from the state of
Louisiana in the United States, including mapping of dis-
ease spread, visualization of phylogenetic information, and
cross-connection between visualizations to support a bet-
ter understanding of disease ecology. This demonstration
is publicly available at https://insights.arcgis.com/#/view/
499be6d89e6e4f0c8289d244dea8a05a. Then, Section VI-C
uses a different dataset that, instead of focusing on a single
area, visualizes the spread of COVID-19 across the entire
globe. Section VI-D describes the underlying data model and
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Fig. 5. An overview of Phyloview. a) Top-Left: A map showing the geographic spread of the virus using directed links that connect observed cases to
the location of their most recent ancestors; b) Top-Middle: Control that filters data based on time and a network visualization of SARS-CoV-2 strains; c¢)
Top-Right: Attribution of the sources/laboratories/publications that contributed each of the selected cases and below, the age and gender distribution of the
cases; d) Bottom-Left: The phylogenetic tree of all currently selected cases; e) Bottom-Middle: A network visualization of virus evolution by geography where
nodes represent locations and edges (and their weight) correspond to the number of phylogenetic connections between two locations; f) Bottom-right: Time

series of the number of cases observed during the selected time interval.

how datasets were preprocessed and linked. We provide a link
to our code repository to reproduce our demonstration using
the Louisiana data and replicate our analysis with data for any
spatial region, time interval, and infectious disease. In addition,
to help the interested reader understand the functionality of
PhyloView, we have prepared a short tutorial video to help
quickly describe the functionality of PhyloView. This video
can be found at https://youtu.be/S-8ibOLtxTY.

A. PhyloView Graphical User Interface

Figure 5 shows a screenshot of PhyloView using 1700 cases
from Louisiana and their phylogenetic information. We note
that for the purpose of this demonstration, our data were
not obtained directly from the GISAID database, since the
GISAID license agreement does not allow to re-share any data.
Instead, to make our demonstration reproducible, we obtained
data from GISAID’s website on Phylodynamics of Pandemic
Coronavirus in Louisiana, USA [12], [13]. This dataset, which
contains 4,447 genomes collected between March 2020 and
February 2022, as well as instructions on how to obtain it, are
found in our GitHub repository [20].

Panel 1 (Temporal Filter) of PhyloView allows the user to
select the time interval of the loaded data. By default, all data
are shown in PhyloView, but some tasks may require showing
only cases before or after a certain event.

Panel 2 (COVID-19 Phylogenetic Network Map) shows
a map of all cases and their phylogenetic relationship, denoted
by directed arrows to understand the spread of selected cases
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across the world visually. This panel allows users to select
individual cases or phylogenetic links or select locations
regionally by drawing a box.

Panel 3 (COVID-19 Phylogenetic Tree) visualizes the
phylogenetic tree (or forest) for the selected data. PhyloView
also shows summary statistics of other attributes of the selected
cases.

Panel 4 (Originating Lab Information) references the
laboratories that have sequenced the currently selected cases
using a treemap. Clicking on each of the shown labs provides
detailed information about the lab and corresponding publica-
tions.

Panel 5 (Age & Gender Distribution) depicts socio-
demographic information of the selected cases, including age
and gender information.

Panel 6 (Geographic Disease Spread Network) provides
a network where nodes represent locations and links represent
the genetic relationship between cases observed in those loca-
tions. This graph can be used to understand and visualize how
the virus travels among places to understand which places may
have high importance (for example, in terms of PageRank [25])
in the infection network.

Panel 7 (COVID-19 Phylogenetic Network) describes the
relationship between different strains of COVID-19 as the
virus evolves over space and time. And finally, Panel 8 (Time
Series of Recorded Cases) measures the magnitude of cases
over time where blue measures the number of “from” cases
and orange represents the number of “to” cases.
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All panels allow for the dynamic selection of data reflected
in other panels, referred to as cross-filtering. For example, the
user may select a specific case on the map, and both map and
the phylogenetic tree will be updated to show only this case
and all its phylogenetic descendants. Similarly, a case (and
thus, a subtree) can be selected on the phylogenetic tree, and
the map will automatically be updated to show the ecology
of this specific case. This allows to investigate the spread that
originated from a particular case rapidly.

B. Usecase: Louisiana, USA

To illustrate an application of PhyloView, imagine a local
health department of a Louisiana county (called a parish) such
as Caddo Parish that wants to understand the local ecology of
COVID-19, i.e., to understand where cases in Caddo Parish
originated from and where cases spread within and from
Caddo Parish. Using PhyloView, Health officials can load
GISAID data as shown in Figure 5 and select Caddo Parish
(and neighboring parishes) on the map panel by drawing a
box. This will automatically update all other panels to show
only cases in the selected spatial region. The phylogenetic
tree immediately shows subtrees to understand which cases
have caused major spread. Non-selected nodes and edges are
greyed out in the phylogenetic tree, allowing users to browse
the path (towards the root in Wuhan, China) to understand
the original trajectory of each observed case in Caddo Parish.
The geographic disease spread network also provides a concise
visualization of all places where cases entered to exit Caddo
Parish.

C. Usecase: World-Wide Diseases Ecology

We also want to demonstrate PhyloView in the context of
a global dataset. For this purpose, we use the “nextregions”
dataset provided by GISAID [10] which is part of their
EpiCoV database !.

Figure 6 shows the spread of COVID-19 on a global scale
utilizing available dataset on the GISAID website. The global
COVID-19 data ranges from December 7, 2019 to December
31, 2021. This dataset includes a total of 5800 recorded cases
across the world. Similar to the Louisiana dataset, this dataset
provides the detailed location of each case (aggregated to
city, county, or state level). However, a major difference in
this dataset is that it does not provide a unique identifier of
the most recent ancestor of a case. Instead, it only provides
the continent where the most recent ancestor of a case was
observed. Thus, a case observed in New York, USA having a
most recent ancestor case in Italy, would correctly show New
York, USA as the location, but would show Europe as the
location of the most recent ancestor. Thus, this dataset yields
much less information, but allows us to visualize the global
spread on a high level.

This data allows to study, using the map of Figure 6,
how COVID-19 spread across the planet having the sources

'Upon logging into GISAID, navigating to the EpiCoV tab, then clicking
Downloads, selecting “nextregions” and choosing the global version of this
dataset.
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of each case aggregated to continental level. We observe a
fully connected network across the continents having each
continent having phylogenetic links to places across the globe.
This shows that the virus spread from all continents and,
regardless where it originated, all continents have contributed
to the pandemic spread of COVID-19 except for Australia
and South America having a much lower number of outgoing
edges. This is also evident from the Geographic Disease
Spread Network (bottom right of Figure 6), showing three
major hubs corresponding to the United States, Europe, and
Asia. We encourage the interested reader to explore each of
the panels by zooming in and out of spatial regions on the
map, or into specific subnetworks of the geographic disease
spread network using an instance of PhyloView that we have
made available at https://insights.arcgis.com/index.html#/view/
3e44d3af2a534efda911009420051e32.

D. Backend Model

PhyloView is powered by an analytical model that joins,
selects, aggregates, and projects the GISAID data, including
phylogenetic links between cases, spatiotemporal case infor-
mation, socio-demographic information (age, gender) of cases,
and information about the submitting laboratories and publica-
tions of each case. The model can be viewed by selecting the
icon in the upper right-hand corner of the browser referred
to as “Analysis View.” The model that powers PhyloView
is publicly available with a subscription to Esri ArcGIS
Insights. Interested researchers and practitioners can search
the repository using the keyword ‘“PhyloView”, download a
copy of the PhyloView model, and “plug in” their own data
obtained from GISAID. Users without access to Esri ArcGIS
Insights can visualize and explore data in Phyloview as is but
can not plug in their own data.

VII. APPLICATIONS OF PHYLOVIEW

Our goal is that PhyloView is used by the scientific com-
munity and stakeholders in public health to not only better
understand the ecology of existing and future infectious dis-
eases, but to identify the potential for the use of phylogenetic
data in studies beyond biology and epidemiology. We hope
that this platform will foster interdisciplinary collaborations
between public health, biology and epidemiology, and data
scientists. Here, we discuss some practical applications for
phylogenetic data and PhyloView for local health departments
and epidemiologists.

A. A System for Local Health Departments

The United States alone has more than 3,000 local health
departments across the country. These city, county, metropoli-
tan, district, and tribal departments work every day to protect
and promote health and well-being for all people in their
communities. For example, the Loudon County Health De-
partment in Virginia identifies conditions that potentially affect
the health of the public, provides communication on health-
related matters to mitigate impacts, and works to control the
spread of diseases [21]. We envision that PhyloView can be
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Fig. 6. A screenshot of using PhyloView to visually analyze the global spread of COVID-19 on a global dataset. Top-Left: Visualization of the spatio-temporal
ecology of COVID-19 across the globe. For each case, the origin locations are aggregated to continent level for visualization. Bottom left: The phylogenetic
tree of all cases included in this data. Top-Right: Phylogenetic network of the clades of cases observed in this dataset. Bottom-right: Geographic disease
spread network visualizaing the spread between continents and countries/cities.

used by such local health departments to trace the evolution
of the spread of disease (including influenza and Covid-19), to
understand the effect of ports of entry to local communities,
to identify unknown incoming or outgoing pathways of spread
that could be a public health risk, and to identify clusters of
infections in space and time.

B. A System for Epidemiologists

PhyloView can be used by biologists and epidemiologists as
a tool to better understand the transmission dynamics and path-
ways of infectious diseases. The challenge is to concurrently
visualize all dimensions of disease spread including spatial,
temporal, and phylogenetic information. For that purpose,
PhyloView connects all panels such that when selecting a
spatial region, a temporal interval, or a phylogenetic subtree
in one panel automatically updates all other panels to allow
for the examination of the relationships between different data
dimensions. Users are encouraged to draw a spatial box on
the map of PhyloView to select a spatial region, select a
temporal subset, or select a node in the phylogenetic tree
to select the corresponding subtree. While solutions exist to
visualize each of the dimensions individually, to the best of
our knowledge, PhyloView is the first tool to allow visual
analysis of all three dimensions at the same time. With its
ability to load additional layers of data, Phyloview would allow
for an analysis of the associations between characteristics
of a location (transportation and mobility networks, socio-
demographic characteristics) and the emergence of new strains.
Identifying transmission pathways that facilitate the spreading
and evolution of a disease may be useful in future outbreak
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events. Although we describe these use cases separately, the
findings of this analysis would support public health decision
making.

C. A System for Data Scientists

Traditional analysis of infectious diseases data focuses on
the location and time of infected individuals. Thus, the tradi-
tional focus is on the “to” field of phylogenetic data records.
However, less attention is paid to the “from” fields which
are enabled through phylogenetic analysis, thus answers not
only the question of where infectious diseases have spread
to, but also where it has come from. Phylogenetic data, such
as used by PhyloView in Figure 5 enables such research
as it enriches observed cases of an infectious disease with
information of where the case originated from. A possible
challenge for mobility data science could be to identify nodes
that exhibit a significantly large number of outgoing nodes.
Such “hubs” or “influencers” could then be investigated further
for possible causes of such increased spread. Similar research
has been done to understand the most influential nodes on
the web [25], in communication networks [15], and in social
networks [19]. For geographic disease spread networks, new
algorithms may be needed to properly model population
density and geographic autocorrelation. Beyond finding “most
influencial” nodes in a geographic disease spread network,
another challenge is to find frequent pathways which may
span multiple geographical nodes to understand global disease
ecology and to take preventive actions to mitigate the spread
of future diseases.
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VIII. CONCLUSIONS

PhyloView is a system that allows to visually analyze
phylogenetic information of disease data across space and
time. PhyloView allows understanding not only where and
when cases of infectious diseases such as COVID-19 were
observed, but also where each of the cases emerged from to
improve our understanding of infectious disease ecology. This
understanding is facilitated by multiple tools for visual analyt-
ics, including a) phylogenetic tree view, b) a spatiotemporal
disease ecology map, c¢) a geographic diseases spread network,
and d) a phylogenetic network. PhyloView connects each of
these tools, such that selecting cases based on their phylogeny
is visualized on the map and vice versa.

A shortcoming of PhyloView is data availability. While
sequenced cases of infectious diseases such as influenza and
COVID-19 are shared by GISAID [10], only a small fraction
(~3.3% in the United States) of observed cases of infectious
diseases are sequenced at all [11]. Users of PhyloView should
remain cautious of the resulting uncertainty in the data and
acknowledge that important pathways of disease ecology may
be missing in the data.

We hope that PhyloView will help local health departments
rapidly understand the spread of future infectious diseases in
their community to support mitigative decision-making. In ad-
dition, we hope that PhyloView may be used by biologists and
epidemiologists as a research tool and we hope that PhyloView
will inspire the spatiotemporal data science community to
investigate phylogenetic data to improve our understanding of
the spread of the COVID-19 virus to improve our preparedness
for future pandemics. On the flip side, we hope that data-driven
research using phylogenetic data will help justify more cases
to be sequenced by the epidemiology community, thus creating
a synergy between our two disciplines.
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