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Aggressive tracing of contacts of confirmed cases is crucial to Taiwan's successful control
of the early spread of COVID-19. As the pandemic lingers, an epidemiological investigation
that can be conducted efficiently in a timely manner can help decrease the burden on the
health personnel and increase the usefulness of such information in decision making. To
develop a new tool that can improve the current practice of epidemiological investigation
by incorporating new technologies in digital platform and knowledge graphs. To meet the
various needs of the epidemiological investigation, we decided to develop an e-Outbreak
Platform that provides a semi-structured, multifaceted, computer-aided questionnaire for
outbreak investigation. There are three major parts of the platform: (1) a graphic portal that
allows users to have an at-glance grasp of the functions provided by the platform and then
choose the one they need; (2) disease-specific questionnaires that can accommodate
different formats of the information, including text typing, button selection, and pull-down
menu; and (3) functions to utilize the stored information, including report generation,
statistical analyses, and knowledge graphs displaying contact tracing. When the number of
outbreak investigation increases, the knowledge graphs can be extended to encompass
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other persons appearing in the same location at the same time, i.e., constituting a potential
contact cluster. The information extracted can also be used to display the tracing on a map
in animation. Overall, this system can provide a basis for further refinement that can be

generalized to a variety of outbreak investigations.

Epidemiological investigation in the control for
COVID-19

A thorough epidemiological investigation is essential for con-
trolling the spread of infectious diseases, as empirically
implemented in the U.K. during the pandemic of 2009 influenza
[1] or after the importation of Ebola virus [2]. One key compo-
nent of such epidemiological investigation is contact tracing.
Especially in the early stages of an infectious disease outbreak,
contact tracing is a critical control measure to contain its
spread. For a highly transmissible infectious disease such as the
coronavirus disease 2019 (COVID-19), which has an estimated
basic reproduction number (Ro) of 2.6 [3] to 3.1 [4] in preliminary
studies, a combination of contact tracing and cases isolation
has been demonstrated in mathematical modeling to be crucial
to the containment of COVID-19 [5]. Further simulations sug-
gest that about 70% of contacts will have to be successfully
traced to control early spread [6]. Since an investigation of the
first 100 confirmed cases of COVID-19 in Taiwan found SARS-
CoV-2 to have high transmissibility before and immediately
after symptom onset [7], early identification and/or isolation of
asymptomatic cases become crucial in containing the trans-
mission, as shown in another mathematical modeling study [8].
Hence, an epidemiological investigation during an outbreak
needs to be conducted efficiently in a timely manner.

After the emergence of COVID-19 in January 2020 in Wu-
Han, China, Taiwan has succeeded in containing its spread,
beating the odds of an early prediction of high risk due to
close proximity to China. As of June 7, Taiwan had 443
confirmed cases with only 55 of them being indigenous cases,
which ranks below 144 countries and regions. Taiwan gov-
ernment adopts an aggressive epidemiological investigation
to identify all the individuals at certain level of risk and put
them under a variety of control measures, including self-
health management, quarantine (quarantine at designated
institutes, home quarantine, and home isolation), or isolation
(admitted to isolation ward in a designated hospital) [7,9]. As
the pandemic lingers, any means that help increase the effi-
ciency of epidemiological investigation can decrease the
burden on the personnel in charge of the control of COVID-19.
In this study, we aim to develop a new tool that can improve
the current practice of epidemiological investigation by
introducing new technologies in digital platform and
knowledge graphs.

Current practice in epidemiological investigation
in Taiwan

Although the basic components of an epidemiological inves-
tigation for various infectious diseases are similar, there are

some aspects specific to individual outbreaks. Using the
COVID-19 as an example, the Taiwan Centers of Disease
Control (TCDC) issued the COVID-19 Epidemiological Investi-
gation Questionnaire (version 3) on January 30, 2020. There are
four major components in the questionnaire: (A) basic de-
mographic characteristics, including date of notification, date
of symptom onset, and occupation; (B) clinical features,
including symptoms, health-seeking experiences, and co-
morbid chronic diseases; (C) source of exposure in the 14 days
prior to the onset of illness, including traveling overseas,
particularly to the Hu-Bei Province of China, contact with
patients who had fever or respiratory symptoms, and contact
with animals; and (D) contact history from the date of symp-
tom onset (and could be extended to up to four days before
symptom onset when epidemiologically indicated) till isola-
tion, including taking bus or mass transportation, being to
major public facilities, and having face-to-face meeting with
some people.

For every laboratory-confirmed case to have SARS-CoV-2
infection using real-time reverse transcriptase-polymerase
chain reaction (RT-PCR), a staff member of either TCDC or
local health authorities will be assigned to conduct the
epidemiological investigation. The investigator needs to build
rapport with empathy first and then obtain relevant infor-
mation in the conversation, not using the questionnaire as a
structured interview. After the interview, the investigator will
go back to office and type semi-structured reports as reques-
ted by the TCDC and local health authorities.

Input platform for various sources of information

Although an epidemiological investigation questionnaire
highlights important items to ask during the investigation, it
is not rare that important information cannot be obtained
from the face-to-face interview. A variety of sources of infor-
mation, such as records in smart phones, closed circuit tele-
vision footage, or phone communication might also be
sought-after in an appropriate manner. Hence, some in-
vestigators might prefer to type the semi-structured report
directly without filling the structured questionnaire.

To meet the various needs of the epidemiological investi-
gation, we decided to develop an e-Outbreak Platform that
provides a semi-structured, multifaceted, computer-aided
questionnaire for outbreak investigation. There are three
major parts of the platform: portal, data entry, and functions
to utilize the stored information.

Portal to the platform

To make the system more user-friendly, we create a graphic
portal that allows users to have an at-glance grasp of the
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Fig. 1 The e-Outbreak Platform that is created using the framework of Microsoft software: (A) the portal to the platform, which
allows users to choose functions; (B) data entry form for information collected for the epidemiologic investigation; and (C) a
semi-structured report, left panel, generated by the e-Outbreak Platform following the format chosen by the user and the
activities-date summary sheet.
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Fig. 1 (continued).

functions provided by the platform and then choose the one
they need [Fig. 1A]. As the e-Outbreak Platform grows, there will
be more options on the portal.

Input platform

To solve the issue of different questionnaire items for
different infectious diseases, e.g.,, COVID-19, measles, and
dengue fever, the platform allows health authorities to easily
upload any newly designed epidemiological questionnaires to
the system. Then users only need to choose a disease-specific
form of the task assigned. Using COVID-19 as an example
[Fig. 1B], the data entry form can accommodate different for-
mats of the information, including text typing, button selec-
tion, and pull-down menu. When users key-in information to
individual items, the platform can do some logical checking,
reminding the user of missing information, and allows the
user to modify the value or edit the text later.

Two types of information are critical for the control of
COVID-19, i.e., source of exposure and contact tracing. Hence,
this input platform provides further flexibility to deal with
complicated scenarios. For example, the platform allows the
investigator to enter the date, place and people of activities

not by chronological order. Later the user can choose to sort
the input by date.

Source of exposure

Activities within 14 days prior to the symptom onset are
inquired. This part is important for the identification of the
source of infection and possible date of contracting the
infection. Thus, these date and persons contacted are
important to record.

Contact history

Once an infected person became infectious, all the persons
who had close contact with the case need to be put under
certain control measures, e.g., self-heath management,
collection of swab for virus detection, home quarantine, home
isolation, or being admitted to an isolation ward. Sometimes
the infected case might forget or not know exactly the name of
a close contact (e.g., a taxi driver). For health authorities to
formally notify these people for respective control measures,
the investigator may need to seek outside information based
on the date-location information obtained from the epidemi-
ological investigation. Originally, it was recommended to
trace from the symptom onset till isolation. Later, the period
was extended to four days before the symptom onset as
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Fig. 2 Knowledge Graphs generated using the information extracted from a semi-structured epidemiological report submitted
by investigators: (A) the knowledge graph displaying a confirmed case's tracing records; (B) a summary graph consisting of
tracing knowledge graph, daily tracing in text, and the mapping of tracing.

epidemiological data indicated that a COVID-19 patient might
have pre-symptom transmission [7].

Report generation

Once all the raw information is input, then a user can choose
from the list a particular layout form of outbreak report that
can fulfill the requirements of the assigned task. Typically, the
report has a semi-structured format. The platform can help
generate a draft of such document for further editing [Fig. 1C].
In addition to the text, the platform can supplement a

summary of the activities-date. When there are different
layouts required by different reporting channels, it can be
done simply by choosing the pre-constructed format. This can
save investigators much time.

Data security

e-Outbreak Platform is compliant with many data safety stan-
dards such as the United States' Health Insurance Portability
and Accountability Act (HIPAA) [10] and the European Union's
General Data Protection Regulation (GDPR) [11]. Since this
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platform is built following Microsoft's framework, it is also
compliant with many security standards adopted in Microsoft
365.

Display of statistical analyses and applications
This platform incorporates many statistical analysis and

application tools available in Microsoft's framework to help
reveal the summary trend and statistics [Fig. 1A].

Knowledge graphs of contact tracing

A typical feature of a semi-structured epidemiological inves-
tigation report is about the social network and the time-place
of contacts. More often than not, there is time strain on the
epidemiological investigation because many control mea-
sures depend on such information. Displaying important in-
formation of the contact tracing extracted from a semi-
structured text as a graph allows both highly efficient
querying and assisted reasoning. Hence, we adopted the
technique of “Knowledge Graphs” [12] that can apply natural
language processing (NLP) to extract information and display
the relationships graphically.

Knowledge graphs have been applied in research on pre-
dictions of unknown adverse drug reactions [13], effective search
for healthcare and biomedicine [14,15] or cancer data analytics
[16]. Several features of knowledge graphs make it suitable for
displaying the information obtained from contact tracing. It can
ingest data from various sources, in the form of relational da-
tabases, semi-structured data, and unstructured data such as
free text, images, and documents. Knowledge graphs can extract
knowledge using natural language processing, text mining, and
machine learning. After the extraction, knowledge graphs can
perform knowledge fusion. Once created, a knowledge can be
stored, retrieved, and visually represented.

Knowledge graphs of contact tracing

Knowledge graphs represent facts as edges between nodes
that represent entities (e.g. people, food, and vehicle) or con-
cepts (e.g. teacher, tour, and festival). As a preliminary trial,
we constructed a knowledge graph containing information
extracted from a semi-structured epidemiological report
imitating those submitted by investigators [Fig. 2B]. When the
number of outbreak investigation increases, the knowledge
graphs can be extended to encompass other persons appear-
ing in the same location at the same time, e.g., constituting a
potential contact cluster. This may alert the investigator to
clarify the relationship by going back to ask the index case.

Furthermore, the information extracted can also be used to
display the tracing on a map in animation. All the information
useful for decision making can be summarized in a panel
[Fig. 2B].

Outlook

There remain several challenges for e-Outbreak Platform to be
utilized in practice. First, after the preliminary trial by some

medical officers from the Epidemic Intelligence Center at
TCDC and field investigators from Regional Control Centers
during the initial development stage, trial use of the platform
in a larger scale by more diverse medical officers as well as
field investigators of TCDC are currently under way.

Second, many new digital innovations applied in different
countries in responding to COVID-19 have raised certain
ethical concerns, including the issues of respecting privacy,
respecting autonomy, equity concerns, minimizing the risk of
error, and accountability [17,18]. There has been no consensus
on the solutions to these issues yet but two principles are
recommended when considering the ethics of digital surveil-
lance: the principles of referring to the counterfactual and
being judged the least burdensome alternative that would
accomplish the public health objectives [18]. Although e-
Outbreak Platform allows investigators to input information
from a variety of sources, users should follow the updated
ethical guidelines adopted in the country.

Third, although e-Outbreak Platform can help investigators
save time, the conduct of epidemiological investigation may
need to be adjusted when the scale of confirmed cases in-
creases to an extent that renders the manpower insufficient.
In other words, the value of contact tracing should be
considered in the context of control measures available or
feasible, depending on whether there is community spreading
and availability of medication or vaccine.

Fourth, the application of NLP in knowledge graph on the
stored information in e-Outbreak Platform is of exploratory
nature given the limited number of confirmed cases in the
country.

Conclusions

We create an online input platform called e-Outbreak Platform
that allows the health authorities to implement a disease-
specific questionnaire. The platform incorporates many cor-
recting algorithms that help decrease errors in texting input.
Furthermore, the platform can generate a semi-structured
report based on the information retrieved from the ques-
tionnaire or allow the user to text-in the report directly. Third,
the platform can display the time-place contacts in animation
using the techniques of knowledge graphs. Overall, this sys-
tem can provide a basis for further refinement that can be
generalized to a variety of outbreak investigations.
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