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GRITS analyzes textual data sources (e.g., online news outlets, ProMED

reports, and blogs) by identifying, extracting and succinctly visualizing
critical public health information and suggesting possible associated
infectious diseases. Via the web-interface, infectious disease analysts can

examine dynamic visualizations of GRITS’ analyses, perform powerful

queries of an index of over 250,000 infectious disease reports, and explore

related historical infectious disease emergence events. The GRITS API can
be used to continuously analyze information feeds and large collections
of data and enables GRITS technology to be easily incorporated into
larger surveillance systems. GRITS is a flexible and pluripotent tool that
contains robust Natural Language Processing (NLP) and machine learning

algorithms that can be modified to conduct sophisticated report triaging,

expanded to include customized alert systems, or tailored to address

other surveillance needs. In conjunction with human expertise, GRITS is a

valuable tool for infectious disease surveillance.

Infectious diseases pose a significant threat to
global health, and economic stability."? Due
to extensive globalization and urbanization,

infectious diseases can spread at unprecedented

rates.® Small and localized infectious disease
threats can rapidly become international
catastrophes, as demonstrated by Severe Acute
Respiratory Syndrome (SARS) in 2003, influenza
(HTN1A) in 2009, and Ebola Virus Disease in
2014454 Early detection of emerging threats is
critical to implementing effective responses,
and is achievable through robust global disease
surveillance.” Disease surveillance is defined

by the U.S. Centers for Disease Control and
Prevention (CDC) as, “the ongoing, systematic
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collection, analysis, interpretation, and
dissemination of data regarding a health-related
event for use in public health action to reduce
morbidity and mortality and to improve health”.®
Despite international awareness of the essential
role disease surveillance can play in mitigating
infectious disease threats, there are gaps in the
current global biosurveillance infrastructure.



PrOblem — To curate data sources for epidemiologically

Gaps in Traditional Disease Surveillance

Traditional disease surveillance relies
predominantly on local clinicians, laboratory
technicians, and public health practitioners

to detect infectious disease outbreaks. Once
detected, these outbreaks are communicated

to regional, national and international public
health organizations for evaluation and response.
However, traditional disease surveillance faces
several challenges. The systems’ ability to detect
and collect information is dependent on regional
healthcare infrastructure that is heterogeneous
in quality. Disease threats that emerge in regions
with poor healthcare infrastructure may be
detected slowly or missed completely.” This
problem was illustrated recently in the ongoing
Ebola Virus Disease epidemic in West Africa, in
which the etiological agent was not identified
until 85 days after the first case.’® Additionally,
traditional disease surveillance typically uses
official communication channels that are

often controlled by governments. However,
governments are often concerned that increased
awareness of emerging infectious disease

events will adversely affect their economy, and
will pressure government agencies to restrict
communication to the public."" The over
protection of critical infectious disease outbreak
data is highly problematic to global health.

Digital Disease Detection: Promising
and challenging

The burgeoning field of digital disease detection
(DDD) attempts to complement traditional
disease surveillance by using software to expand
data collection to non-tradition sources, bypass
official communication routes and automate
epidemiological analyses. Prominent examples
of DDD tools include the Global Public Health
Intelligence Network (GPHEN), PulseNet,
HealthMap, Argus, BioCaster, and the Global
Early Warning System for Major Animal Diseases
Including Zoonoses (GLEWS).21314.151617

DDD is an innovative, but innately challenging
field. Although, the quantity of digital information
is immense, the signal to noise ratio is very low.
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significant information many DDD tools require
substantial human capital. This dependency may
be rate limiting and makes it difficult to provide
disease detection that is superior (faster and
more accurate) to traditional surveillance systems.
Conversely, some DDD tools make extensive use
of NLP or machine learning algorithms to predict
disease risk, but do not incorporate sufficient
public health, or medical expertise. This has

led to inaccurate predictions of disease risk. In
some cases, like early experiences with Google
Flu Trends, this has led to inaccurate forecasts

of infectious disease.” DDD tools that enable
analysts to examine non-traditional information
more efficiently, and do not circumvent health
analysts, are critically needed.

GRITS is a biosurveillance tool created to aid
infectious disease threat detection efforts by
monitoring and analyzing textual data sources
(e.g., news articles, medical reports). GRITS
extracts critical epidemiologic information (e.g.,
case-counts, symptoms, pathogens, transmission
types, hosts, dates, locations) from text and
delivers a list of possible diseases associated
with submitted text ranked by probability. GRITS
visualizes infectious disease occurrence for
analysts on a timeline and map, and provides
links to similar and potentially related infectious
disease reports using a customizable search
feature. Prior to analysis, non-English articles

are translated using Bing Translator. GRITS is
available through a web-application for detailed
analysis of specific text, and through an API for
rapid analysis of large collections of text, and
integration with other applications.

GRITS is intended to serve as a tool for public
health and military analysts in their daily infectious
disease surveillance efforts. GRITS will serve both
individual users through the web interface, and
developers of other surveillance applications
through a comprehensive diagnostic API.



GRITS Web-Application

The GRITS web-application is a dynamic web-
interface for performing detailed analysis of

a text sample. Through the web-application,
users can submit a text sample to GRITS for
analysis and exploration, and view the previous
GRITS analyses they have conducted. Users can
view a dynamic visualization of GRITS analyses
through the Diagnostic Dashboard, use the Find
Similar Articles Feature to conduct customizable
searches of a pre-analyzed article index for
related reports, and search for relevant infectious
disease emergence events using the Find Similar
Disease Emergence Events feature.

Diagnostic Dashboard

The GRITS Diagnostic Dashboard provides users
with a ranked diagnosis of potential infectious
diseases associated with submitted text.
Diagnoses are determined using a MaxEnt BoW
classifier trained on disease labels HealthMap
assigned to articles over a recent 2-year interval.
Possible diagnoses are ranked based on
confidence score. The keywords that contribute
to each diagnosis and their relative weights

can be inspected from within the diagnostic
dashboard (Fig. 1).

The GRITS Diagnostic Dashboard identifies, and
succinctly visualizes the important information

in a text sample (Fig. 2). This includes disease
related keywords (disease, pathogens, symptoms,
modes of transmission, and hosts), dates,
locations and case counts. Extracted information
is highlighted in an annotated article view

that can be filtered by category. Locations are
plotted in a map view (Fig. 3), and a histogram of
temporal information is shown in a timeline view.
Date extraction is done via the Standford SUTime
library. The Geoname resolution uses a custom
algorithm with geonames.org data. Case count
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On September 26, 2012, a woman aged 35 years from Kosrae in the
(FSM) was hospitalized with ({ETID). N muscle pain §
[ vomiting , and [0S G- . A rapid diagnostic test (RDT)
(217111 Duo, Standard Diagnostics Inc.) was positive for (L1110 virus ((100)
nonstructural protein-1 (NS1). During the next week, seven more persons with suspected
were tested with the RDT, of whom three were RDT-positive for NS1 or anti-{[== (1)
immunoglobulin M (IgM). During October, the Kosrae State Department of Health Services, with
support from the FSM Department of Health and Social Affairs and the World Health Organization
(WHO), responded to the outbreak with enhanced , training in clinical
analysis of hospital surge capacity, a rapid survey to identify species and
distributions, and control measures. By March 14, 2013, approximately 3.7% of Kosrae State
residents had been hospitalized with suspected ([E-ITTTH). The outbreak consumed scarce
medical and public health services, including outpatient, inpatient, and laboratory services,
resuiting in redirection of human and material resources from other important medical and public
health activities. Because the health consequences of can be substantial in resource-
limited settings, Pacific Island nations might wish to consider preparedness measures for
("L outbreaks such as developing and testing outbreak response plans and ensuring
pacity for and laboratory testing.
Investigation and Results
Kosrae, with a population of 6,600, is a small (42 square miles [109 square kilometers]) volcanic
of Kosrae State, one of the four states of FSM. Kosrae

island that forms most of the land
has four municipalities, of which Lelu is the administrative center and home of 33% of the state's
residents and the 40-bed Kosrae State Hospital. The only previously documented
transmission on Kosrae was an outbreak of virus serotype 2 ({[ZZ1077-2) in 1998 (1).
During October 2012, the number of cases continued to increase, and in late October
an epidemiologist from WHO was deployed to provide technical assistance to the Kosrae State
Department of Health Services outbreak response team. Six serum specimens were submitted for
reference laboratory testing by reverse transcription-polymerase chain reaction (RT-PCR) and
anti-[[1/21177) IgM enzyme-linked immunosorbent assay (ELISA) to the [EITeut ) Health
Forensic and Scientific Services, ([ELCIEY. Five of the six specimens were tested with AT-
PCR using a novel dried-sera-on-filter-paper surveillance technique at the Institut Louis Malardé,
@). (220174 was detected by RT-PCR in one specimen at both

laboratories, and four specimens had detectable anti-[[2/<11//) IgM antibodly, of which two were
specific for (L2114 (3). Thus, was confirmed in five (83%) of ([EES)
suspected (-1 1) cases.

A modified WHO case definition (4) was used to identify suspected

cases with plus at least two of the following: Ul nausea B

)

aches ancpains K esc pain Y misclo pain 1
(white bload cells <4,000/mL), or a warning sign or

tendermess, persistent (IZTRAED. mucosal bleed or widespread N icthargy §
restlessness, clinical fluid accumulation, or >2 om). The case definition for
an RDT-positive case was any suspected case that tested NS1-positive or g~
positive by RDT.

From September 26, 2012, to March 14, 2013, a total of [EZ20) suspected [:[1) cases
were identified at Kosrae State Hospital, with 242 (33.2%) patients admitted. One or more:
warning signs were reported for 159 (21.8%) patients. Although detailed data on
severe cases are not available, poor peripheral perfusion or hemodynamic instability,
as defined by the treating physician, was reported for 25 (3.4%) patients. No deaths were

of patients tested by RDT, 206 (28.3%) had positive resuits (Figure 1). Of these, 173
(B4.0%) were NS1-positive and 41 (19.9%) were IgM anti- [2=11)-positive ({EFT® patients
[4%] were positive for both NS1 and IgM anti- (2 11). The cumulative incidence during the 5.5
months was 110.0 suspected and cases per 1,000 population,
respectively.

The persons most affected by the outbreak were aged 15-39 years (Figure 2). The 20—
24 year age group had the highest suspected case rate at 171.5 per 1,000 population;
the 35-3 year age group had the highest RDT-positive case rate at 83.6 per 1,000
population. The least affected age group was 0-4 years (62.7 suspected and

cases per 1,000 population, respectively).

The most affected municipality was Lelu, where 42% (307 of 729) of Kasrae State's suspected
cases ocourred, and the highest rates of suspeeted and RDT-positive cases were
recorded (142.1 and 39.8 per 1,000 population, respectively). Females accounted for 51.5% of
suspected cases and 45.6% of RDT-positive cases.
The sampling survey identified aegypti, the primary global ([=117)

,and albopictus, a secondary . Of these two vectors, Ae.
albopictus predominated, making up 94% of samples obtained in Lelu and
100% of those in the other three municipalities. In Lelu, used tires were the most
[EEEETTTY breeding sites, with 33% of tires having larvae, followed by 55-
gallon drums (1% with larvae). Other breeding sites included coconut
shells, buckets, flower pots, instant noodle cups, paper plates, and plastic containers (all <10%)
Used tires also were the most common breeding site in Utwe municipalty (0%), whereas
feeding troughs were the most common sites in Tufansak municipality (22%).

Figure 2 Diagnostic dashboard view showing the GRITS analysis of a report on an outbreak

of Dengue Fever. The results of the GRITS disease classification are displayed in the top

left. Here, Dengue fever has been identified as the disease the article is most like.
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Figure 3 Locations are plotted in a map view within the diagnostic dashboard. Here the
location “Palikir” has been extracted from the text and is resolved on this map.
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Figure 1 Detailed diagnosis report showing the relative contributions of different keywords to a disease classification. The disease being

classified in this example is Crimean-Congo Hemorrhagic Fever.
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extraction uses the CLiPS Pattern library’s search
module with a number of search phrases tailored
to meet GRITS requirements.

Find Similar Articles Feature

The GRITS Find Similar Articles Feature (Fig.

4) provides a simple, customizable interface

to query over 250,000 disease related articles
collected by HealthMap over a 2-3 year interval.
These articles have all been subjected to

GRITS analysis. Articles can be searched by

any combination of the following information
obtained from their completed GRITS analysis;
diagnosed disease, extracted keywords,
publication date range, and/or country. A
query of articles similar to the text sample is
automatically conducted based on the results of
the text sample’s GRITS analysis. Search results
can be viewed spatially using Kitware's geojs
library, or in a list view. The list view includes
links to the original articles, and selected meta-
data, including diagnosed disease, case counts,

Page 0 Previous - Nexi| 10 of 111 Results | Sorted By: | Relevance  # || View: | List View 3
Find articles with...
Search Results:

Any of these diseases: Fiji dengue case count now 68: Report - Outbreak News Today

Thu Jan 29 2015

© Fever HealthMap Disease Label: Dengue
© Dengue Diseases Diagnosed: Fever, Dengue
Add Counts: No counts identified

Distinct Keywords: None
Any of these keywords: Relevance: 0.2830034

Spike in dengue cases alarm health officials - Catanduanes Tribune
© leukopenia Mon Aug 18 2014
© fever HealthMap Disease Label: Dengue
© dengue Diseases Diagnosed: Fever, Dengue

© thrembocytopenia
© common mosquito

Counts: No counts identified
Distinct Keywords: None

O larval Relevance: 0.23951894

© mosquito Spike in dengue cases alarm health officials - Catanduanes Tribune
©pig Mon Aug 18 2014

(s HealthMap Disease Label: Dengue

© aedes Diseases Diagnosed: Fever, Dengue

IR Counts: No counts identified

Opeciy Distinct Keywords: None

g i N Relevance: 0.23538662

(-] I;'V”Z?psma Navi Mumbai village blames NMMC for rise in dengue cases - India.Com Health
© petechiae Mon Qet 21 2013

© eye pain HealthMap Disease Label: Dengue

© abdominal pain Diseases Diagnosed: Fever, Dengue:

© nausea Counts: No ceunts identified

© infection Distinct Keywords: None

© vomiting Relevance: 0.19601783

Navi Mumbai village blames NMMG for rise in dengue cases - India.Com Health
Mon Oct 21 2013

© liver enlargement
© thrembocytopenia

© joint pain HealthMap Disease Label: Dengue
© lethargy Diseases Diagnosed: Fever, Dengue
© anorexia Counts: No counts identified

Distinct Keywords: headache, viral infection, adults, muscle aches...
Relevance: 0.19558634

© headache
Add
Navi Mumbai village blames NMMC for rise in dengue cases - India.Com Health
All of these keywords: Mon Oct 21 2073
HealthMap Disease Label: Dengue
© mosquito Diseases Diagnosed: Fever, Dengue
0 village Gounts: No counts identified
Add Distinct Keywords: None
Relevance: 019380343
Health Officials Rush o Address Possible Dengue Outbreak in West Java - Jakarta Globe
Wed Oct 16 2013
Add HealthMap Disease Label: Dengue
Diseases Diagnosed: Fever, Dengue
Counts: No counts identified
Distinct Keywords: None
Relevance: 017304587

In one of these countries:

Approximate Document Counts:
India : 32 reports

Philippines : 14 reports

Death prompts Greece dengue scare - BBC News

Tue Sep 04 2012

HealthMap Disease Label: Dengue

Diseases Diagnesed: Fever, West Nile Virus, Dengue

Counts: No counts identified

Distinct Keywords: None

Relevance: 017059653

Death prompts Greece dengue scare - BBC News

Brazil : 13 reports
Pakistan : 9 reports:
Ghina : 6 reports
DR Congo : 6 reports
Fiji - 6 reports
Greece : 5 reports

Botswana : 2 reports

Tue Sep 04 2012
Collectivité spéciale de New Caledonia, France : 2 | HealthMap Disease Label: Dengue
reports Diseases Diagnosed: Fever, West Nile Virus, Dengue

Figure 4 GRITS search. Keywords identified in the submitted text are displayed in the
left column. Histograms of the countries and dates associated with the search results are
displayed below the keywords.
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distinct keywords and more. Aggregations of
publication dates and countries associated with
search results are visualized in histograms.

Find Similar Disease Emergence
Events Feature

This feature allows users to query the Emerging
Infectious Disease Repository (EIDR) developed
by EcoHealth Alliance for infectious disease
emergence events that may be related to a

text sample. Development of EIDR is ongoing.
As of March 2015, EIDR contained information
on 369 infectious disease emergence events
occurring between 1940 and 2013 (Z.S. Gold,
A.G. Huff, Tilchin C. et al., unpublished). GRITS
automatically generates a list of emergence
events associated with the diagnosed disease(s)
for a text sample. EIDR events can also be
queried by host, pathogen, disease, transmission
mode, country and date. Aggregations of
emergence event start dates and associated
countries are visualized in histograms. Users can
examine emergence events in detail through the
EIDR web-application, which can be accessed by
clicking on any emergence event search result.

GRITS API

The GRITS API allows users to apply GRITS
diagnostics continuously on large collections
of data and to use GRITS intelligence in any
application. APl users can submit documents
for analysis through a REST APl and receive
comprehensive results in a JSON format,

Disease
{JSON } Diagnosis

Information

REST API

GRITS

including the disease diagnosis, identified
pathogens, hosts, symptoms, locations, dates
and more.

Extracted keywords are annotated with their
occurrences in the original text, so they may be
easily highlighted in a user interface, indexed for
search, used as features for statistical evaluation
or machine learning, or subjected to further
analysis. This open and flexible API allows
developers to easily integrate GRITS analysis
capabilities into their own application with simple

5



calls to a central web service with no requirement
to set up or maintain their own installation of
GRITS, although that is supported as well.

~ value |

In the hands of the astute public health analyst,
GRITS is a powerful tool for infectious disease
surveillance. GRITS allows users to more
efficiently monitor non-traditional data sources
for infectious disease threats. GRITS can be
expanded to incorporate a customizable triaging
system that curates text sources temporally,
spatially, by diagnosed disease, or by public
health keyword. Additional ontologies can

be created to train GRITS to make educated
conclusions on additional complex variables
besides disease, like pathogen class, report risk
level, or the emergence of a novel pathogen.

An alert system could be built into GRITS to
notify users of particular report clusters that may
signal the emergence of potentially dangerous
situations. Additionally, through the GRITS

API, the tool can be incorporated into larger
surveillance systems, like the Defense Threat
Reduction Agency’s prototype Biosurveillance
Ecosystem, and run continuously on those
systems data feeds. Through the web-interface
users can evaluate the functionality and public
health foundations of GRITS, increasing the
transparency of the tool. This will lead to scrutiny
and the refinement, and continued development
of GRITS. GRITS, and surveillance systems like

it, may be able to fill gaps in traditional global
biosurveillance systems.

Applications beyond | ]

GRITS is fundamentally sophisticated NLP and
machine learning software that has been tailored
to address disease surveillance needs. The GRITS
technology could be applied to a plethora of
topics. For instance, GRITS could be of value to
the financial sector. Textual sources are rich with
indicators of investor sentiment, and are often
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monitored by NLP tools. GRITS could be tailored
to detect clusters of investor sentiment indicative
of an emerging financial crisis, or market shift.
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