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Abstract

Background: In recent years, there has been a growth in work on the use of information extraction technologies for tracking
disease outbreaks from online news texts, yet publicly available eval uation standards (and associated resources) for this new area
of research have been noticeably lacking.

Objective: Thisstudy seeksto createa” gold standard” data set against which to test how accurately disease outbreak information
extraction systems can identify the semantics of disease outbreak events. Additionally, we hope that the provision of an annotation
scheme (and associated corpus) to the community will encourage open evaluation in this new and growing application area.

Methods: We developed an annotation scheme for identifying infectious disease outbreak eventsin news texts. An event—in
the context of our annotation scheme—consists minimally of geographical (eg, country and province) and disease nameinformation.
However, the scheme also alows for the rich encoding of other domain salient concepts (eg, international travel, species, and
food contamination).

Results: The work resulted in a 200-document corpus of event-annotated disease outbreak reports that can be used to evaluate
the accuracy of event detection algorithms (in this case, for the BioCaster biosurveillance online news information extraction
system). In the 200 documents, 394 distinct events were identified (mean 1.97 events per document, range 0-25 events per
document). We also provide a download script and graphical user interface (GUI)-based event browsing software to facilitate
corpus exploration.

Conclusion: In summary, we present an annotation scheme and corpus that can be used in the evaluation of disease outbreak
event extraction algorithms. The annotation scheme and corpus were designed both with the particular evaluation requirements
of the BioCaster system in mind as well as the wider need for further evaluation resources in this growing research area.

(J Med I nternet Res 2010;12(3):43) doi: 10.2196/jmir.1323
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Introduction the semantics of such a system is to construct an event frame

(ie, template), which isthen associated with each outbreak event
in a sample of news documents (the nature and scope of

The need for computational tools for the tracking of emerging

disease outbreaks from text has become increasingly important
in recent years [1,2] leading to the development of various
machine-aided surveillance systems (eg, Global Public Health
Intelligence Network (GPHIN) [3], HealthMap [4], BioCaster
[5], MedISys [6], Pattern-based Understanding and Learning
System (PULS) [7], and EpiSPIDER][8]). One way to evaluate
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reportabl e events varies according to the case definition of each
system). This paper reports on such a data set—an annotation
scheme and corpus [9]—developed for disease outbreak event
detection in the context of the BioCaster biosurvellance online
news information extraction (IE) system [10,5].
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We believe that a focus on event extraction offers additional
advantages to methods based solely on information retrieval
(IR). Traditional IR systems alow us to identify reports based
on the presence or absence of disease termswhereas event-based
| E approaches enable us to dig deep into a report’s semantics.
The mere presence of a disease term in a text should not
necessarily lead us to the conclusion that the report contains
pressing information about an outbreak. Indeed, Steinberger et
al estimated that 63% of documents selected using traditional
IR techniques do not contain outbreak events[11]. For example,
vaccination campaigns, medical research results, and public
health advice often occur in newstextsand arelikely to generate
false positives if we rely solely on IR to identify documents of
interest. An event-based strategy facilitates the exclusion of
nonrelevant documents from further processing and could form
the basis of more sophisticated text mining and visualization
while providing richer outbreak data for end users. Note that
the event-based approach suggested here requires antecedent
document selection and named entity recognition (NER)
modules (ie, a pipeline with a document selection module
inputting relevant documents to an NER module before this
output is piped to an event extraction module). In the case of
the BioCaster system, the document selection module has a
particularly important “gate-keeping” function as the system
accepts input from over 1700 RSS feeds—far too many
documentsto subject to the computationally intensive NER and
event extraction processes [10].

The event annotation scheme aims to identify each infectious
disease outbreak event in agiven text with its associated disease,
time, location (at various levels of granularity), and other
relevant information. An annotated corpusis necessary in order
to evaluate the performance of the current BioCaster |E system
and also serves as a test bed for the development of new
biosurveillance-specific | E algorithms and techniques. Further,
the provision of areusable resource facilitates further work on
disease event extraction and encourages the devel opment of the
field, asit has been shown that the provision of such resources
(often in conjunction with organized “challenge evaluations”
similar to, for instance, the Text Retrieval Conference (TREC)
Genomics Track [12]) has increased research momentum for
other |E tasks [13].

Previous work on evaluation for disease outbreak report IE
systems has focused on disparate aspects of performance. For
example, Blench [14] found that the GPHIN system identified
56% of the outbreaks verified by the World Health Organization
(WHO) over athree-year period, while Freifeld et al [ 15] found
that the HealthM ap system successfully classified 84% of reports
by disease and location over a one-month period. Kawazoe et
al [16] reported that the BioCaster system’'s NER module
achieved an F-score of 76.97, whilefor the PUL S system (which
is an event extraction system that relies on input from the
MedISys IR system), it is estimated that approximately 72% of
the extracted events are correct [11]. While this kind of
evaluation work isimportant for system devel opers, the obvious
difficulty in comparing reported results illustrates the need for
a community-wide data set for algorithm testing.

The structure of the paper is as follows. First, we describe the
event annotation scheme we developed, then, we set out
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agreement statistics before finally presenting a description of
the corpus and associated software.

Annotation Scheme

Each document is associated with zero or more event frames
reflecting the number of outbreak events described in the text
(A full description of the annotation scheme, and all associated
software can be downloaded from the project Google Code site
[9]). The event frames are designed to capture the properties of
outbreak reportsthat are of interest to public health expertsand
epidemiologists. Event frames are formatted in extensible
markup language (XML) (see Figure 1) and consist of property
names and their associated values derived from the document
source (eg, HAS DISEASE, “Ebola’). Reports have already
been tagged for named entities such as person names, disease
names, location names, and so on (twelve in total) using an
ontology-based annotation scheme developed specifically for
the disease outbreak domain [16]. Property names are of two
types. First, entity properties arefilled with appropriate entities
derived directly from the text of interest (entity properties are
conceptually similar to Message Understanding Conference
(MUC) style “string fills”). For example, the HAS DISEASE
property could only have the value “polio” if “polio” istagged
as an entity in the document. Second, fixed slots (equivalent to
MUC-style “set fills") take prespecified values of a restricted
kind (normally simply Boolean true or false values), and, unlike
entity values, areinferred from the document. For example, the
INTERNATIONAL_TRAVEL property accepts only Boolean
values.

The following are the entity properties (which are filled by
named entities) and their definitions:

« HAS DISEASE: disease that caused the outbreak (eg,
Ebola)

«  HAS LOCATION.COUNTRY: country wherethe outbreak
occurred (eg, United States, Indonesia)

« HAS LOCATION.PROVINCE: province in which the
outbreak occurred (eg, Kanagawa, New Hampshire)

«  HAS LOCATION.OTHER: other geographical location
(eg, Balkans, New England)

« HAS AGENT: agent (pathogen) of the disease (eg, HIV)

Thefollowing arethe “fixed” dots (which areinferred fromthe
text and take prespecified values) and their definitions:

« HAS SPECIES: human or non_human

- TIMErelative: historical (more than three months ago),
recent_past (between two weeks and three months ago),
present (within the last two weeks), and hypothetical

« ZOONOSIS: has species transfer occurred? (Boolean)

- DRUG_RESISTANCE: is the disease drug resistant?
(Boolean)

« NEW_TYPE _AGENT: is the disease a new strain?
(Boolean)

« ACCIDENTAL_RELEASE: hasthe disease been released
accidently? (Boolean)

- INTERNATIONAL_TRAVEL: is
involved? (Boolean)

international  travel
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«  FOOD_CONTAMINATION: is the outbreak caused by
contaminated food or water? (Boolean)

«  HOSPITAL_WORKER: areany victimshospital workers?
(Boolean)

- FARM_WORKER: are any victims farm workers?
(Boolean)

« MALFORMED _ PRODUCT: are contaminated blood
products or vaccines implicated? (Boolean)

http://www.jmir.org/2010/3/e43/
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A working group consisting of the current paper’s authors
developed the annotation scheme over a period of several
months guided by the World Health Organization International
Health Regulations [17] (see Textbox 1) and using advice
provided by the National Ingtitute of Infectious Diseases in
Japan.
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Figure 1. Worked example of event frame construction from raw text. Note that this paper focuses on the construction of event frames from documents
aready tagged for named entities. The named entity tagging process is described by Kawazoe et al [16].

Raw text report

BRC 2007/3/2
Cat death prompts bird £lu  advice, Cat ocwners in countries hit by
bird £flu should keep their pets indoocrs, two agencies imvolwved in co-
ordinating the fight against the virus have sald. The Warld Health
{rganization and the Food and Agriculture Organization's adwvice follows
the death of a domestic cat in Germany of the HSNL strain. The death
is the Buropean Unien's first known <ase of cross-species infection...

Named entity tagged

<00C id="000700" source="BRC" domain="health" subdomain="disease"
date="2007/3/2" relevancy="publish">

<HAME cl="RONHUMAN" transmissicn="false"> a </ /HAME»> death promoiz <MAME
al="DISEASE">bird flu</MAME> acvice. <NAME cl="PERSON" case="falsa"
number="many">Cat cowners</HAME» in countries hit by

<MAME cl="DISERSE">bird [1lu</HAME> 's""l.,;d kaep their pats indoors, Lwo
Agencies invalved in co-Srdinat 5:|'.: Ehe Layhut .-:-:4.-||.|:-'! the virus have said.
The <HAME cl="ORGANIZATION">World -h=-1_'.._"_ Organization</HAME> and the <NAME
cl="0RGANIZATION">Food and Agriculture Jrganization

LIHAME>:s advice follows the death of a

<HAME cl="NONHUMAN"transmission="false"»domesztic cat</NAME> in <NAME
el="LOCATION">Cermany</NAME> of the <HAME cl="VIRDS">H5N1</NAME> strain,.

The death Lz the <HAME 2l="LOCATION"»Eurapean Unicon</HAMER>s first knowsn case
of cross-species infection..

</DoC>

T RRRRRAAANN—EEIEm——I—

Event frame

CEVENT name="0OUTEBRERE™ >
<5LOT name="HAS DISEASE" type="DISEASE" content="BIERD FLU|bird f-_!."" iz
<5LOT name="HAS LOCATION.COUNTRY" Lype="LOCATION" content="Germany" />
<3LAT "-EJ'“H:*—"I-E-E LOCATICHN . PROVIRCE" Lypo="LOCATION" cantent=""/>
<SLOT “:a"nF-—"H.H.S LOCATICN . OTHER" type-"LOCATION" content="European Union"/f=
=5LAT nan |L—"'H.I.E_H.GEHT" type="micre_organism” conbtent="HIN1"/ >
<5LOT name="HAS SPECIES" type="animal" content="pon_ human" ale="",7
<5L0T name="TIME.relative" type="atring" content="Present"/, >
<SLOT name="INTERNATIOMAL TRAVEL" type="Boolean" content="false"/>
<5LOT ﬁaﬂﬂ-“lEEIDEHTLL_REiEJlSE" type="Boalean” content="rfalaa"/ >
<5L4T name="Z00NOSIS" type="Booclean" cc:nte':_t—""rl..n:"f'}
<5LOT name="DRUG_RESISTANCE" typo="Boolean" content="false"/>
<ELOT name="FO0D | T CONTAMIMATION® type="Boolean" content-"falae®/>
<514T na:ns_-:"H.OSFITAI._mE" type="Boolean" content="false"/ >
<5L0T name="FARM WORFER" type="Booclean" content="false"/>
<5LOT name="PRODUCT MALFORMATION" fype="Boolean" content="falae"/>»
«<5LOT name="HEW _TYFE AGENT" type="Boolean" content="false"/ =
<SLOT pname="COMMENT" Lypa="string™ conbent="Cat contractbs HESML"/ >
</ EVENT
T
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Textbox 1. Using the World Health Organization international health regulations (Annex 2 decision instrument) as the basis for an annotation scheme

World Health Organization International Health Regulations (Annex 2 Decision I nstrument)

I'n developing our guidelines, we took inspiration from the World Health Organization's International Health Regulations Annex 2 decision instrument
[17] for building our own decision tree. At the top level, this included general questions such as, "Is the topic of the article mainly about a current
disease outbreak?' and "Are the victims of the disease mainly humans?' These questions were designed to guide annotators in the most obvious stages
of selection. At lower levels, the decision tree we developed touched on issues more central to the Annex 2 decision tree such as known notifiable
diseases (eg, SARS, Smallpox, Poliomyelitis, Cholera, West Nile Virus). The notion of “unusual” or “unexpected” is underspecified in Annex 2 but
would be apparent to a public health expert familiar with the field. We tried to make the notion explicit for our annotators by encoding questions about
the virulence and infectivity of the pathogen, the severity of the reported cases, the involvement of international travel, and drug resistance or

accidental/deliberate release.

Agreement Study and Error Analysis

To gain insight into how consistently the scheme could be
applied and to help pinpoint areas of systematic annotator error,
we conducted a 100-document interannotator agreement study.
We recruited and trained one annotator and compared that
individual’s annotations with those of an annotator who was
involved in the original annotation scheme design process.

Following the recommendations of Wilbur et a [18], we used
percentage scores to assess agreement rather than the kappa
statistic [19]. While some researchers in annotation scheme
design refrain from the use of agreement studies entirely (eg,
[20]), we felt that this exercise would help to draw out any
systematic annotator difficultiesand al so facilitate the debugging
of the annotation scheme and corpus.

We found that the two annotators agreed on the number of
disease outbreak events 67% of the time. However, calculating
agreement at the level of individual properties (eg,
TIME.relative) was not as straightforward as calculating event
number agreement for the following three reasons. (1)
Annotators could identify a differing number of events for a
document. (2) Unless both annotators produced just 1 (or zero)
event frames, we were faced with the problem of aligning
events. (3) The annotation scheme alowed for an arbitrary
number of property values, reflecting synonymous or near

synonymoustermsin the source document. For example, it was
not unusual to see a property/vaue pairing such as
HAS DISEASE="hird fluH5N1Javian influenza."

Therefore, we concentrated our analysis on those 42 documents
where only one event wasidentified per annotator, thusallowing
for a direct comparison. These data are partially summarized
in Table 1, whereit can be seen that the annotators agreed 100%
of the time on DRUG_RESISTANT, FARM_WORKER,
INTERNATIONAL_TRAVEL, and
PRODUCT_MALFORMATION. Agreement was worst for
FOOD_CONTAMINATION and ZOONOSIS. Major sources
of disagreement are summarized in Textbox 2.

Thefixed dot properties, TIME.relative and SPECIES, are not
Boolean and therefore are not represented in Table 1.
TIME.relative had four values (historical, recent past, present,
and hypothetical) and achieved an agreement score of 90.5%
(with the most frequent value being “present”). SPECIES had
two values (human and nonhuman) and achieved an agreement
of 90.2%. More information about the annotation guidelinesis
availablein[9].

The entity properties (eg, HAS LOCATION.PROVINCE,
HAS DISEASE) were filled by tagged entities in the text.
Agreement for HAS DISEASE was 100% and for
HAS LOCATION.COUNTRY was 97.7%.

Table 1. Agreement for 42 documents with precisely one event per annotator (note that only Boolean fixed slot properties are shown)

Agreement for Fixed Slot Properties in Each of 42 Documents

Property Annotator 1 (true)  Annotator 1 (false)  Annotator 2 (true)  Annotator 2 (false)  Agreement (%)
DRUG_RESISTANCE 0 42 0 42 100.0
FARM_WORKER 0 42 0 42 100.0
FOOD_CONTAMINATION 5 37 13 29 714
HOSPITAL_WORKER 0 42 1 41 97.6
INTERNATIONAL_TRAVEL 0 42 0 42 100.0
PRODUCT_MALFORMATION 0 42 0 42 100.0
ZOONOSIS 7 35 12 30 83.0
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Textbox 2. Sources of disagreement

Event Agreement

On detailed examination of the data, a systematic problem concerning event granularity emerged accounting for the relatively low 67% event agreement
rate. Our analysis showed that the issue of suspected zoonosis (ie, unconfirmed zoonosis or where zoonosis is presented as one possible explanation
for a human disease) was central here. One annotator produced two events (one human, one non_human), while the other annotator only produced
one event (human), ignoring the suspicion of, or speculation about, zoonosis.

Annotator Error

We can distinguish annotator agreement arising from ambiguity in the annotation guidelines from straightforward annotator mistakes. For instance,
there are several examples where the temporal categories, present (within two weeks of the document time stamp) and recent_past (more than two
weeks, but less than three months from the document time stamp), were confused.

Background Knowledge and I nference

For those properties that require an annotator to infer a category from the document (TIME.relative, ZOONOSIS, HAS SPECIES,
INTERNATIONAL_TRAVEL, DRUG_RESISTANCE, FOOD_CONTAMINATION, HOSPITAL_WORKER, FARM_WORKER, and
PRODUCT_MALFORMATION), thereisscopefor incorrect inference. For example, several of the documentsin the agreement study data set concern
cholera. While cholerais spread primarily through water contamination (ie, FOOD_CONTAMINATION), thisis not stated explicitly in thetext. Only
one of the annotators marked these documents as true for FOOD_CONTAMINATION, suggesting that the annotator who marked the property false
was unaware of the primary transmission route for cholera.

but rather selected to represent diseases and geographical areas
of interest to the researchers. Mgjor international news providers
are also represented (eg, CBC, Reuters, BBC) in addition to
primarily Asian or Asia-Pacific news services (eg, Vietnam-net,
Thailand’s The Nation). Documents range from 45 to 1487
words long, with a mean of 305.9 words (without markup).
Document selection was performed by author MC (see corpus
documentation [9] for details).

Corpus Description

The corpus consists of 200 documents (all in English) and their
associated event frames, with documents gathered from avariety
of sources (see Table 2). The largest single source was
ProMed-Mail [21], an expert-curated infectious disease reporting
service. Additionally, documents were not randomly sampled,

Table 2. Corpus document sources (200 documents)

Document Source Number of Documents % of 200
ProMed-Mail 43 215
Reuters 16 8.0
BBC 16 8.0
WHO 41 205
CBS 13 6.5
CBC 17 85
Vietnam-net 12 6.0
Hindustan Times 18 9.0
The Nation (Thailand) 9 45
All Africa 5 25
Xinhua (China) 5 25
Antara (Indonesia) 5 25

Of the 394 annotated events in the corpus, 75.4% describe
human (rather than animal) disease events (see Table 3). Most
of the eventsidentified (81.5%) have been classified as present
outbreaks, athough historical, recent past, and hypothetical
events are al so represented. To show the geographical range of
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the documents sel ected, the geographical distribution of events
(by country) is shown in Figure 2. Note that the map does not
show the actual distribution of disease events, but rather the
geographical distribution of disease eventsin our corpus.
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Table 3. Event statistics (total number of eventsis 394)

Type of Event Number of Events % of 394
Events involving humans 297 75.4
Events involving food contamination 35 8.9
Eventsinvolving hospital workers 3 0.8
Events involving malformed products 2 0.5
Events classified as present 321 815
Events classified as historical 49 124
Events classified as recent_past 11 28
Events classified as hypothetica 13 33

Figure 2. Distribution of disease eventsin our corpus by country (only countries with 2 or more events shown) (Map produced by GPS visualizer)

o Canada o Russia
6.76% UK, 1.69%
4.52%
o US .
4.52% ©China
5.08%
Nigeria Vietnam
1.69% ikl
Gh © Thailand
DI K 5.65%
1.69% Py’
22308 IndonesiaQ
10.73%
O
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While we hope that the event frame may form part of the and cleansall the documents from their original source on the
foundation for a future standard, we recognize that there are  Web and then associates them with event frames) and a
challenges in achieving this goal (see Textbox 3). Further, due graphical user interface (GUI) based event browser (see Figure
to copyright restrictions, we are unable to distribute the corpus ~ 3) [9]. Note that as of July 2009, only 176 of the original 200
directly. Instead we have provided two methods for corpus documentswere currently available online.

access. First, a download script (a Perl script that downloads

Textbox 3. Barriers to genera adoption of the event annotation scheme

Heterogeneous Systems and Requirements

The current event frames may not be suitable for all needs. For some users, the knowledge required by event frames may be superfluous (eg, a system
that is solely concerned with identifying cholera outbreak has no need for zoonosis information). For other users, the event frame may not encode
enough information (eg, an event's certainty or uncertainty—unrepresented in our event frame—may be important for system designers). Indeed, it
isconceivabl e that some users may suffer from both these problems. Neverthel ess, we believe that our event scheme provides afoundation for potential
future standards devel opments.

Agreement

The current agreement level for number of events (67%) is not high. However, this result masks the fact that agreement for important entity properties
such asHAS LOCATION.COUNTRY and HAS DISEASE is amost perfect.

Extending to New Genres

The current scheme was designed for news text. It is not clear how well the scheme would extend to other, less formal genres that may contain
information of interest (eg, blog postings and message boards).
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Figure 3. Linux BioCaster corpus event frame browsing tool [9]
06006 X BioCaster Event Corpus Browser
File Help
|—F|Ie List
3d.xml
699.xml Report Selection —|
a.sml
952.xml
aad.xml
700.xml Associated events stored
701 .xmi | locally
— File Viewer — Event Viewer V4
Home News Sport Radio TV Weather Lanquages UR EVENT 1 [X
wersion International wersion |About the wersions Low graphics |Accessibility help
One-Minute World News News services Your news when wyou want
it MNews Front Page Africa Americas Asia-Pacific Europe Middle East COUNTRY : | Germany |
Sputh Asia UK DBusiness Health Medical notes Science & Envirorment PROVINCE : 1
Technology Entertaimment &Also in the news Video and Audio LOCATION OTHER: |European Union|
Have Your Say In Pictures Country Profiles Special Reports SPECIES: |non_human |
RELATED BEC GSITES SPORT WEATHER (N THIS DAY EDITORE' ELOG TIME: |Present|
Last Updated: Friday, 10 March 2006, 18:16 GMT E-mail thi Liseagelentiyitansan INTERNATIONAL: |false|
to a friend Printshle wersion Cat death prompts advice | highlighted in red DELIBERATE : |false|
Stray cats may help to spread the [EEM strain of LOONOSIS: | true|
bird flu, experts say Cat owners in countries hit by DRUG_RESISTANCE: |false|
should keep their pets indoors, two agencies dinwvolwed in FOOD_CONTAM: |false|
co-ordinating the fight against the wirus have HOSP_WOREER: |false|
Health Organization and the Food and Agcd Location entity tags are 1lows FARM WORKER:  |false|
the death of a domestic cat in [E8Emefy of thd highlighted in green MALFORMED |false|
BSEl strain. The death is the European Union's NEW_AGENT |false|
case of cross-species infection. EBoth organisatd r
finding, cats were not helieved to play a major role EVENT 2
in the wirus' spread. Reconmendations The agencies said they were
mindful of the potential for flu wiruses to mutate into
strains lethal to humans or other mammals. Transmission hetween species COUNTRY : | ¥1ietnam|
The F&0 recommendations focus on how to minimise risk in FROVINCE : 1
areas where [BEM has been diagnosed or 1s suspected among LOCATION OTHER: ||
poultry or wild bhirds. They include: Report wnusually high numbers SPECIES: |non_humar |
of hird deaths Inform local wets of any dead or TIME: |Historical|
sick cats EReep caks away from wild birds or poultry, INTERNATTIONAL: |false|
keeping them indoors if necesssry If cats bring sick or LELIBERATE : |false|
dead birds into the house use plastic gloves to put ZO0NOSIS: | true| ]
the birds in a plastic bhag for collection by wets DRUG_RESISTANCE: |false|
Feep away from stray cats and do not touch sick FOOD_CONTAM : |false|
or dead cats or other animals. The WHO also advises HOSP_WORKER: |false|
keeping dogs on leads at all times outside home premises, FARM_WOREER : |false|
and not to feed any ‘“"water birds". Cats have been MALFORMED |false|
known to contract the wirus from eating infec NEW_AGENT |false|
rare civet cats in VIEEREM died of ﬁla
Tn October 2004, dozens of tigers died at a Texts downloaded locally EVENT 3
zoo in THedleRd after = i outhreak. Risk from the web
confirmed that the wirus can cause severe il
cats and can bhe passed hbetween them. COMEATIN \ COUNTRY |Thailand| v |

hitp:ifnews.bbe.co.uk/Zfhihealth/4767234.s5tm

In summary, we present an annotation scheme and corpusthat  presented to the research community in the belief that such

can be used in the evaluation of disease outbreak event
extraction algorithms. The annotation scheme and corpus are

resources can help in the formation of an emerging standard for
this rapidly growing research area.
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