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ABSTRACT

Understanding the molecular dynamics of viral
spreading is crucial for anticipating the epidemiolog-
ical implications of disease outbreaks. In the case
of influenza, reassortments or point mutations af-
fect the adaption to new hosts or resistance to anti-
viral drugs and can determine whether a new strain
will result in a pandemic infection or a less severe
progression. To this end, tools integrating molecu-
lar information with epidemiological parameters are
important to understand how molecular characteris-
tics reflect in the infection dynamics. We present a
new web tool, MapMyFlu, which allows to spatially
and temporally display influenza viruses related to a
query sequence on a Google Map based on BLAST
results against the NCBI Influenza Database. Tempo-
ral and geographical trends appear clearly and may
help in reconstructing the evolutionary history of a
particular sequence. The tool is accessible through
a web server, hence without the need for local in-
stallation. The website has an intuitive design and
provides an easy-to-use service, and is available at
http:/mapmyflu.ipmb.uni-heidelberg.de

INTRODUCTION

With the increased mobility and globalization of the human
population the threat of epidemic spreading is constantly
raising, as illustrated dramatically by the recent Ebola out-
break. While not as lethal, influenza outbreaks still repre-
sent major health and economic threads. The avian flu out-
break in 2003 in southeast Asia resulted in economic losses
of about 1 billion dollars, according to the Food and Agri-
culture Organization of the United Nations (FAO). To face
these threats, better prediction and greater knowledge about
influenza virus epidemiology are needed in order to preserve
the worldwide health by improving prevention strategies. In
particular, monitoring the dynamic of spreading and adap-
tation of the viral strain is important to anticipate possible

evolutions, like resistance to anti-viral drugs or adaptation
to new hosts (1). For example, very recently, several cases of
human infections with avian influenza strains H7N9 have
been reported in China (2,3). To tackle these questions,
tools and databases are required to integrate various in-
formation sources, such as epidemiological characteristics
and molecular signatures. Several influenza databases exist,
such as the NCBI Influenza Virus Resource database (http:
/Iwww.ncbi.nlm.nih.gov/genomes/FLU/FLU.html) (4), the
Influenza Research Database (http://www.fludb.org/) (5) or
the OpenFlu database (http://openflu.vital-it.ch) (6). The
former two resources provide a number of analysis tools
to perform multiple alignments or BLAST search, or iden-
tify relevant point mutations. On the other hand, other
influenza related tools have been developed with a more
epidemiological focus. Tools like Google Flu Trends (7),
FluNearYou or FluTracking are already established and re-
veal flu occurrences using a crowd-sourcing approach, in
the hope of anticipating evolution of influenza outbreaks.
These tools estimate flu infections either by voluntary re-
portings or via internet queries related to influenza, with
an accuracy that has been subject to debates (8,9). No ge-
nomic or proteomic information about the pathogen is in-
cluded in these tools. An interesting tool combining numer-
ous influenza data sources has recently been published (10).
Here, sequence information for influenza strains obtained
from the OpenFlu database is combined with disease in-
formation collected in the FAO EMPRES information sys-
tem. A geographical visualization allows to relate disease
characteristics to molecular events in the influenza strains.
In this article, we present an online tool called MapMyFlu
which allows the visualization of molecular relationships
between influenza strains on a geographical map in a spatio-
temporal fashion. The user can query a sequence of interest,
for example from a newly sequenced strain, and obtain the
list of related strains based on a BLAST query, geographi-
cally displayed according to the region where these strains
were isolated and the time point of their collection. Map-
MyFlu performs a BLAST against a local instance of the
NCBI influenza database and displays the most related hits
using the Google Maps API. Temporal information about
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the time point of virus isolation is given via an interactive
histogram, which allows to display hits for a particular time
period only. Different host species of the influenza virus ob-
tained in the BLAST query are represented by different sets
of icons, which can be selectively highlighted or hidden to
focus on a particular type of carriers.

MATERIALS AND METHODS
User interface

The website created for MapMyFlu is kept simple with a
focus on usability. The home page is composed of an input
form for the query sequence together with some relevant
parameters for the BLAST search. Given the high degree
of similarity between influenza sequences, we use the per-
cent similarity rather than the E-value as a criteria for se-
lecting Blast hits. A minimal similarity can be specified, as
well as maximum similarity, allowing to deal with cases in
which a very large number of sequences are perfectly iden-
tical to the query sequence. The user can also restrict the
search to a time period, specified in years. When submitting
the form, a local BLAST request is performed against local
instances of the NCBI influenza databases, using the BioP-
erl StandAloneBlast module. This allows an independent
and more time-efficient use of MapMyFlu independent of
the load of NCBI servers. For each hit, the accession num-
ber of the sequence is extracted and used to query a local
SQLite database in order to retrieve relevant informations
such as the name of the host species, the date of isolation of
the sequence and the geographical location, which is then
used to place the icons on the map. To represent the hit on
the map, we have implemented four types of markers for
host organisms, namely human, avian host, swine and oth-
ers. The color of the marker (light to dark) represents the de-
gree of similarity in the alignment (low to high). On the top
of the page, a histogram displays the number of hits per year
and per host species. Moving the mouse over the histogram
displays marker from a specific year, giving an impression
on the temporal evolution. Clicking on the legend buttons
toggles markers associated with a particular host type. Each
icon on the map can be clicked to display more detailed in-
formations about the hit sequence in an information bubble.
This bubble contains a link to the corresponding GenBank
entry as well as the Influenza Research Database (IRD) en-
try, and details about the alignment (score, similarity, num-
ber of mutations, etc.). For a full analysis, the complete raw
blast output is available as a text file by clicking on the ap-
propriate button on the left of the result screen. Finally, an
additional button on the output page gives access to a ta-
ble summarizing all the hit sequences displayed along with
the metadata associated with each of the sequences (host
species, year of isolation, GPS coordinates, etc.). The out-
put can be sorted according to different criteria by click-
ing on the column headers and sequences can be selected in
the table using check boxes to download the corresponding
FASTA sequences.

Technical implementation and maintenance

Besides the use of the BioPerl StandAlone Blast module,
MapMyFlu is based on a SQLite database containing sev-

eral tables: two tables (meta_aa and meta_na) that asso-
ciate each protein/nucleotide Genbank accession number
present in the local Blast database to metadata informa-
tion, such as the year of isolation, the host category (human,
avian, swine, others) and the country in which the sequence
was isolated. These informations are directly obtained from
a text file which is downloaded together with the sequence
files from the NCBI Influenza ftp site during each update. In
addition, these two tables contain a ‘parsed_location’ field
which is obtained by parsing the fasta header of the se-
quences in the database. Often, but not always, the header
contains a more precise geographical information than the
country. For example, the sequence with accession num-
ber AFHO00317 is associated with the country ‘Japan’, and
its fasta header is A/Yamagata/56/1993(H3N2)), indicat-
ing the city of origin. Sometimes, the header only con-
tains information about the country (Sequence AAA43373
: A/quail/Italy/1117/1965(H10NS)). In other cases, how-
ever, the fasta header is not formatted correctly and no use-
ful geographical information can be extracted. For exam-
ple, the sequence AAA43146 is associated with the coun-
try ‘Japan’, and its fasta header is A/duck/7/1982(H3)),
which does not contain any information related to local-
ization. In the latter two cases, only the country name
is available. GPS coordinates are stored in a separate ta-
ble of the database. This table associates a combination
‘parsed_location,country’ to GPS coordinates, to avoid am-
biguities in the town name (for example we need to distin-
guish Hamburg, USA and Hamburg, Germany). The up-
date of the Blast and SQLite databases is done automati-
cally every three month. The update script adds informa-
tion about new sequences to the meta_aa / meta_na tables,
extracted from the information files downloaded along the
sequence files. Additional information parsed from the fasta
header (location, host, detailed date) are also added as ad-
ditional fields to the tables.

The script then checks whether the combination
‘parsed_location,country’ is already registered in the table
containing the GPS coordinates. Locations not yet repre-
sented are queried using the Google geocoding APIs, and
GPS coordinates are then added to the table. All sequences
present in the BLAST database can be associated with GPS
coordinates, since as a last resort, the country name is used.
In this case, the information bubble obtained by clicking
the icons contains a warning to indicate that the placement
of the icon is only based on country name. In general,
the geocoding API reports coordinates of the center of
the country when queried with only the country name.
Errors can still occur, mainly when a header is incorrectly
formatted and yields a wrong location when parsed. For
example, in a previous version of our parser, the header
A/duck/chicken/Nigeria/08RS848-20/2006(H5N1))
yielded besides ‘Nigeria’ the word ‘chicken’ as a geographi-
cal indication. However, the association ‘Chicken,Nigeria’
returns a valid GPS coordinate when submitted to the
geocoding API. We have then modified the parser to take
this into account and assign the location to ‘Nigeria’.
However, a perfect and automatic error correction is hard
to implement. We therefore provide a button in the info
bubble that can be clicked to report this kind of errors.
An email is sent to the administrators containing the
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Figure 1. Result obtained by querying with the hemagglutinin sequence of a strain related to the 1996 H5N1 avian pandemic. The histogram displays the
number of hits for each year, with a color indicating the host. The legend on the left gives the number of hits per host category. The shading of the icons
indicate similarity, which in this case highlights that the most similar sequences are from southeast Asia. Several waves of infections are observable, and

cases of human transmission in 1997 and after 2003 are also represented.

accession number of the faulty sequence. Older versions of
the databases are saved in order to allow restoring previous
queries on user demand. For an easy-to-use interface, the
map is built using the Google Maps API and the histogram
is built with Highcharts, a javascript library allowing to
build interactive charts. Usage of Bootstrap and jQuery
allow intuitive handling and instant reply of the website
MapMyFlu.

RESULTS
First example: avian HSN1 influenza outbreak

To demonstrate the use of MapMyFlu, we first used a se-
quence from the 1996 HSN1 pandemia, which initiated in
southeast China. The first reported and sequenced strain
is a goose sequence (A/Goose/Guangdong/1/96(H5N1)).
Inserting the hemagglutinin sequence of this strain into
MapMyFlu yields a graphical output which recapitulates
the major characteristics of the pandemia (11) (see Fig-
ure 1). First, a burst in 1996/1997 confined to the re-
gion where the first outbreak occurred in the Guandong
province. In 1997, several human cases were reported in
Hong Kong (12), which appear on the map. Second, a new
and more pronounced outbreak starting in 2001, with sev-
eral human cases again, in particular in Hong-Kong in
2003. Third, a transmission to different hosts starting with
this second phase, in particular to swine, first in China, and
from 2005 on to other areas in Asia like Indonesia. Taking
the number of sequences present in the databases as a proxy
of the number of infection cases, we see that the prevalence
of HS5N1 in swine is low, indicating a low swine-to-swine
transmission rate (13). Given the role of pigs as virus reser-

voir intermediate between avian and human virus, this ap-
pearance of swine infections is an important characteristic
of the disease progression. Lastly, the histogram clearly in-
dicates a peak in the number of matching sequences around
2006/2007, corresponding to reports of a decline of infec-
tions after 2007. Hence, the MapMyFlu output recapit-
ulates the temporal and geographical progression of the
HS5NI1 influenza outbreak started in 1996.

Second example: HIN1 pandemia in 2009

As a second example the hemagglu-
tinin  sequence of an  Influenza A  virus
(A/swine/Manitoba/SG1433/2009(HIN1)) is used to
illustrate the outbreak of the influenza A HINI, which
started in 2009. By submitting this sequence to MapMyFlu
with 1500 target sequences, the antigenic shift resulting in
a transmission of the virus from swine to human in the
year of the outbreak can be observed (Figure 2). Until
the outbreak in 2009, the virus circulated mainly in swine
hosts. After the host shift from swine to human in 2009,
HINT infections in 214 countries from all over the world
were reported and lead to 18,449 deaths (14). The first
human cases were detected in North America and Mexico.
MapMyFlu shows influenza sequences of pigs in the
region around Canada in 2008 right before the pandemia
started. These hits have only a minor number of mutations
in comparison to the epidemic influenza in 2009, which
confirms the initial epidemic outbreak in that region. The
analysis of the neuraminidase sequence of the same virus
shows that, except in few cases, the neuraminidase has
remained confined to swine hosts.
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Figure 2. Evolution of the HIN1 2009 pandemic. The result of the MapMyFlu analysis on the hemagglutinin of a swine HINI strain shows how the
transmission from swine to human occurred during 2009, leading to a burst of human infections around the globe. Note the logarithmic scaling of the

histogram.

DISCUSSION

Proper visualization of complex and heterogeneous data
sets such as molecular and epidemiological data is a key
to the interpretation of the relationships between differ-
ent components of a phenomenon. In the case of disease
progression, how molecular changes in the sequence of the
pathogen affect or are correlated to the speed of transmis-
sion, the virulence of the strain, or environmental parame-
ters such as climatic conditions is still not completely under-
stood. In this article, we have presented a tool, MapMyFlu,
which attempts to represent in a very simple way molecular
characteristics of influenza strains such as sequence simi-
larities between strains as determined from sequence align-
ments, and geographical localization of these strains, to-
gether with informations about the host organism. To im-
prove usability of the tool, we have used components such
as the Google Maps API which are familiar to most users,
and added interactive graphical charts to make the output
the most interactive possible. MapMyFlu allows to simply
track the history of a particular influenza sequence and im-
mediately spot events such as rapid progression, progres-
sion to different geographical areas or transmission to new
hosts. A limitation of the tool is that it is not yet coupled
to epidemiological data sets or other disease databases nor
to genetic information related to the virulence of the strain,
based for example on specific sequence markers. Other web-
servers, databases or tools such as OpenFlu or EMPRES
provide this type of data integration. We consider Map-
MyFlu as a complementary tool to these very comprehen-
sive resources. However, it would be interesting to increase
the complementarity between these tools; one possibility
would be to overlay epidemiological informations related,
for example, to disease outbreaks, onto the Google Maps
representation of the Blast hits. So far, we simply provide
links to IRD/fludb entries for the sequences identified in
the Blast search. However, even in the absence of additional
information, we have shown in the examples that the occur-
rences of sequences in the NCBI influenza database are a
reasonable proxy for the importance of an influenza out-
break. Hence, we believe that using MapMyFlu will help in
building further research hypothesis for researchers investi-

gating molecular and epidemiological characteristics of in-
fluenza viruses.
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