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A ZA 3} o] tHHong et al., 2016). 7|& 7|&EF
U | EEERol e SAE &8s,
zk At el A4, EAol At TeluA ¥
s 574 R&D #oke] ) tin] A, Soly g
W3S Hdstr] oldoke AVE EAs st
webs] R&D AFH Y 24, £, @AE 5

AR 7l&wore] Ae % A% R&D FAF
°1F FF AHE cSsAY WA o4t miE
< A% v B 2EZY L =4S SEA &
A Eopel 540 gt 2o AlEstd ER71%
3 ERAA AT Beds Fa4d0] A&
o8 a7HI It wEt £ d7s @A =

S o R w7 By QbR A% 4
S0l FRE A AT Ay es
875 e 7R FEAE sy 2a%
ZIZAEE AT FHoz EF7AA B A
ol ok T ES Agsta, sl 2t
olgf2¥d =7} R&D HAE Hdoz AL
A YA ol & Fal ¥4 olsjuAAE

o] A T3HE AZ] A3 LTHE R

Y

295 3, 39 FEATIF 27HE B
3 B4o] BLF AR (ELEutole2na
.]

F7} R&D A #49 Awe vheista, s
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@ N2ARE Aged

4 ek

A5 BRA AL @Y, N 5 AN

BOoT, ol R e TR AASL,
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A@A 2] ol FAAEANA EEH QU HRE A
33tk stk A1 %¥(Moon, 2015)2 A -
B s Foko tiEA EEQ Al
R&D HAES o2 Aslr|ek
TNEGEA, At gt BRVES
7hste] 7T EA e A A

A
o
u
g o

129



Ol 91 - O]xHA
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A4 e) G A gl ALS] AEE siAsk A A
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AA 71Ee® #Hsh Fdo| HASH AAHQ
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A7) 85ttt e ZRds AEshr] ¢
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RNN)S ARS-ZITE RNN-2 =2hA Q] A H FE)

o 1

132
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Model Training Process

Collect Scoupus
Data per ASJC

ASJC Selection —> —>| Preprocessing

A4
Hyper-
parameter —> Training
Tuning

R&D Project Data

(Figure 1) Research Model Design

g =23ke
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SRAH MF Y 97 HOE 2

+ d7e w7 EA
Science & Technology Information System, NTIS)
oA 7HW st BAE R&D FHIZ AAE T
HolEE tho R thev) 2e ZeAsE §
& & 7719 7 aEl 2 ERAAE 2Askith

21 HALO) E. (National

79y #d R&D HA Y] 7EERE 933t
£ FHolM ey AE7F Jekoe 2 Rz
71949 Hiel Al A27), = &St
T AR ATAE, vlo] QU ATAE A&
< %15—7})% 'Skoit‘r. 122 0 2= AW #e
BR7F =ul Aol At Ads|(ded
2, 29, tﬂf—fh 7 Adre] B MRt
53 & =7h A -?4
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o E\ﬁl
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S #318}9 S ™ (Ministry of Health and Welfare,

2019), ATV E SAHE= Awrhe AH=

A\ A 4
Input - =
\7// \ 4
_/ Modeling g "Output
7 Classifications

et 44y ARE S5 A8l B
=, 6T 71T, AV lexF2 74, 4
A, LokE L ATHE 5 YU B
7|12 A% AESGHY. HFHoE HEv

3o

2
FAAE 2A £, 24 el o] A+
oA tEZo] & 71 =R W
Atk ZHzte] EFAAI= o2 2T} Diagnosis_
biomarker, Drug_discovery, Epidemiology, Evaluation
validation, Mechanism signaling pathway, Prediction,
Vaccine_therapeutic antibody. ¥ Aol &
stuA} Sl BEFAA EBE Scopuse] AT dlo]
Bl & F387] 918l <Table 1> 22 A&

THEAT o) A2 o Scopusoll A 73
&2 All Science Journal Classification (©]3}

ASIC) ZEZ AAs) nlo]Q Hofo] =FEEvt

TR 5 AT vlo] & Foke] ASIC= Cancer
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Research (1306), Cell Biology (1307), Molecular
Biology (1312), Molecular Medicine (1313), Infectious
Diseases (2725), Oncology (2730), Pharmacology
medical (2736), Pulmonary and Respiratory Medicine
(2740), Pharmacology, Toxicology and Pharmaceutics

all (3000), Pharmacology, Toxicology and

Pharmaceutics miscellaneous (3001), Drug Discovery
(3002), Pharmaceutical Science (3003), Pharmacology
(3004), Toxicology (3005)°]T}.

olgAl FHZ =& Mee A2 ghae
4t 2 Diagnosis_biomarker®ll 4,35571, Drug
discovery®ll 3,39871, Epidemiology®ll 10,00071,

(Table 1) Classification system definition and search terms

Classification

Count

Description

Search Terms

Diagnosis_biomarker

4,355

Diagnostic biomarker R&D refers to the
research and development of biological
parameters that aid in the diagnosis of
diseases and help determine disease
progression or treatment success.

TS=((diagnostic OR diagnosis) AND detection
AND biomarker) ASJC=(3002 OR 3001 OR
3000 OR 3003 OR 3004 OR 3005 OR 1312
OR 1313 OR 1307 OR 1306 OR 2736 OR
2730 OR 2740 OR 2725)

Drug_discovery

3,398

Drug candidate R&D refers to research
and development conducted with the
aim of discovering new candidate drugs
in the fields of medicine, biotechnology
and pathology.

discover*
OR 3000
1312 OR
OR 2730

TS=(drug* AND candidate* AND
AND novel) ASJC=(3002 OR 3001
OR 3003 OR 3004 OR 3005 OR
1313 OR 1307 OR 1306 OR 2736
OR 2740 OR 2725)

Epidemiology

10,000

Epidemiological R&D refers to research
and development that deals with the
distribution, patterns and determinants
of health and disease states in a defined

group.

TI=(epidemiolog*) ASJC=(3002 OR 3001 OR
3000 OR 3003 OR 3004 OR 3005 OR 1312
OR 1313 OR 1307 OR 1306 OR 2736 OR

2730 OR 2740 OR 2725) PY=(2010-2020)

Evaluation_validation

3,744

Effectiveness evaluation R&D refers to
research and development conducted for
the purpose of verifying the efficacy of a
new drug candidate or a developed drug.

TS=((evaluation OR evaluating) AND validation
AND (safety OR efficacy OR marker)) ASJC=
(3002 OR 3001 OR 3000 OR 3003 OR 3004
OR 3005 OR 1312 OR 1313 OR 1307 OR
1306 OR 2736 OR 2730 OR 2740 OR 2725)

Mechanism_signaling
pathway

1,810

Signal transduction regulation mechanism
R&D refers to research and development
that deals with how a signal transducer
binds to a receptor to generate a secondary
signal transducer to regulate cell activity.

TI=(mechanism AND (signal* OR pathway
OR transduction) ASJC=(3002 OR 3001 OR
3000 OR 3003 OR 3004 OR 3005 OR 1312
OR 1313 OR 1307 OR 1306 OR 2736 OR
2730 OR 2740 OR 2725)

Prediction

7,856

Predictive R&D refers to research and
development that deals with predicting
the success of clinical trials at each stage
of new drug development or predicting

toxicity that causes side effects.

TI=(prediction) ASIC=(3002 OR 3001 OR
3000 OR 3003 OR 3004 OR 3005 OR 1312
OR 1313 OR 1307 OR 1306 OR 2736 OR
2730 OR 2740 OR 2725) PY=(2014-2020)

Vaccine_therapeutic
antibody

3,820

Vaccine and therapeutic antibody R&D
refers to research and development for
the purpose of developing vaccines and
therapeutic agents.

TS=(vaccine* AND immuno* AND antibod*
AND therapeutic) ASJC=(3002 OR 3001 OR
3000 OR 3003 OR 3004 OR 3005 OR 1312
OR 1313 OR 1307 OR 1306 OR 2736 OR
2730 OR 2740 OR 2725)
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Evaluation validation®| 3,74471, Mechanism _signaling
pathway®l| 1,81071, Prediction®l 7,85671, Vaccine
therapeutic antibody®l| 3,82071°]t}. ©]/e] =&
tlolE= AR EdA Aedk 23 2ol =
=2 HIAFsH E2E tojels} gpd e ol
7 72 tlolgAlelth

3. 1244
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(Word Embedding)dfjoF 3t} $J= Uulgo]
uma WE 2 EHe] 98 PHo B4 %

9 HHES 293 139 e = vSee 2
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(Figure 2) Visualization of model training
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(Table 2) The sources of national scientific research funding data of the major countries

Countries Sources
Us * NSF(NationalScienceFoundation)-https://www.nsf.gov/
¢ NIH-STARMetrics—https://www.starmetrics.nih.gov/
EU ¢ CORDIS(CommunityResearch&DevelopmentInformationService)
- http://cordis.europa.cu/
P * KAKEN (Database of Grants-in-Aid for Scientific Research, KAKEN)
- https://kaken.nii.ac.jp/ja/
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(Table 3) Search terms of coronavirus-related research and the number of selected patents in the
three countries,

Search terms

Search count

us EU JP Total
(corona* and virus*) or coronavirus* or mers-cov Or sars-cov or
covid or "severe acute respiratory syndrome" or "middle east 515 10 35 560
respiratory syndrome"
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(Figure 3) Classification results of infectious diseases in major
countries by classification system

(Table 4) Classification result of R&D information by classification system

Classification system us EU JP Total cost per
classification
. L $ 921,992.14 5,125,340.50 $  67,60.00 $§ 1,219,677.13
Diagnosis_biomarker
18% 29% 16% 23%
. $ 362,247.30 3,505,285.00 $  46,800.00 $ 432,029.06
Drug_discovery
7% 20% 11% 8%
. . $ 436,128.93 $ 244,569.00 $  80,807.88 $ 356,283.45
Epidemiology
9% 1% 20% 7%
. S $ 718,692.03 - $  61,700.00 $ 636,568.03
Evaluation_validation
- 14% 0% 15% 12%
Mechanism_signaling $ 668,993.50 1,498,514.00 $  21,700.00 $ 699,364.67
pathway 13% 9% 5% 13%
. $ 1,460,341.99 7,075,419.00 $  55250.00 $§ 1,462,136.96
Prediction
29% 41% 13% 28%
Vaccine_therapeutic $ 474,323.00 - $  80,166.67 $ 389,860.93
antibody 9% 0% 19% 8%
$ 5,042,718.89 $ 17,449,127.50 $ 414,024.54 $ 5,195,920.21
Total cost per country
100% 100% 100% 100%

A B A3TT <Table 4> 2t 8b7] A=
A FAE -GS HA AFE e AAE T4
H-&S ougitt. T1eja AAG FAH 8 g
A A A= o] H &L 7715 7|08 J&
o A HAAY ATFFA G iR HSS o]
g}, w]=2] 739 prediction (29%), diagnosis  bio

[QIR=S
A

marker (18%), evaluation valdiation (14%), mec
hanism signaling pathway (13%), epidemiology
(9%), vaccine_therapeutic antibody (9%), drug
discovery (7%) =22 AT7NL FAE Wo| dh=
o2 UERTE f39 79+ prediction (41%),
diagnosis_biomarker (29%), drug discovery (20%),
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(Table 5) Major research organizations by country and classification system

Classification

Major Institutions or Organizations

Diagnosis_biomarker

us EU JP
- NIVERSITY OF MINNESOTA | - EIDGENOESSISCHES - Juntendo University
TWIN CITIES DEPARTEMENT DES - National Agriculture and Food

- UNIVERSITY OF NORTH
CAROLINA CHAPEL HILL

- UNIVERSITY OF MARYLAND
BALTIMORE,

- UNIVERSITY OF IOWA

-NEW YORK BLOOD CENTER

- MEDICAL COLLEGE OF
WISCONSIN

- ARIZONA STATE
UNIVERSITY-TEMPE CAMPUS

INNERN

- ERASMUS UNIVERSITAIR
MEDISCH CENTRUM
ROTTERDAM

- UNIVERSIDAD POLITECNICA
DE MADRID

- UNIVERSITAT DE
VALENCIA

Research Organization
- National Institute of
Infectious Diseases
- University of Yamanashi

Drug_discovery

- UNIVERSITY OF
PENNSYLVANIA

- UNIVERSITY OF NORTH
CAROLINA  CHAPEL HILL

- KATHOLIEKE UNIVERSITEIT
LEUVEN

- Kyoto Pharmaceutical
University

- Nippon Veterinary and Life
Science University

Epidemiology

- THE UNIVERSITY OF
PITTSBURGH

- CORNELL UNIVERSITY ITHACA

-NEW YORK BLOOD CENTER

- DYNPORT VACCINE
COMPANY, LLC

- VANDERBILT UNIVERSITY

- UNIVERSITY OF UTAH

- DREXEL UNIVERSITY

- NORTHWESTERN
UNIVERSITY AT CHICAGO

- CLEVELAND CLINIC LERNER
COL/MED-CWRU

- UNIVERSITY OF BRISTOL

- National Institute of Infectious
Diseases

Evaluation_validation

- UNIVERSITY OF TEXAS
MEDICAL BR GALVESTON
- UNIVERSITY OF NORTH
CAROLINA CHAPEL HILL
- UNIVERSITY OF IOWA

- Tokyo University of Pharmacy
and Life Science
- Yamaguchi University
- Nippon Veterinary and Life
Science University
- Kitasato University
- Jikei University School of Medicine

Mechanism_signaling
pathway

- UNIVERSITY OF IOWA

- UNIVERSITY OF VIRGINIA
CHARLOTTESVILLE

- UNIV OF MASSACHUSETTS
MED SCH WORCESTER

- UNIVERSITY OF CALIFORNIA
SAN DIEGO

- Victoriano Martinez Riomansa
SL

- Yamaguchi University

Prediction

- UNIVERSITY OF NORTH
CAROLINA CHAPEL HILL

- UNIVERSITY OF
PENNSYLVANIA

- UNIVERSITY OF MARYLAND
BALTIMORE

- LOYOLA UNIVERSITY CHICAGO

- UNIVERSITY OF WISCONSIN
MADISON

- ERASMUS UNIVERSITAIR
MEDISCH CENTRUM
ROTTERDAM

- The University of Tokyo

Vaccine_therapeutic
antibody

- VANDERBILT UNIVERSITY

- Osaka University

- Tokyo University of Pharmacy
and Life Science

- Kitasato University
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Abstract

The Classification System and Information Service for
Establishing a National Collaborative R&D Strategy in
Infectious Diseases: Focusing on the Classification Model for
Overseas Coronavirus R&D Projects

Doyeon Lee* + Jae-Seong Lee** - Seung-pyo Jun*** « Keun-Hwan Kim***

The world is suffering from numerous human and economic losses due to the novel coronavirus
infection (COVID-19). The Korean government established a strategy to overcome the national infectious
disease crisis through research and development.

It is difficult to find distinctive features and changes in a specific R&D field when using the existing
technical classification or science and technology standard classification. Recently, a few studies have been
conducted to establish a classification system to provide information about the investment research areas
of infectious diseases in Korea through a comparative analysis of Korea government-funded research
projects. However, these studies did not provide the necessary information for establishing cooperative
research strategies among countries in the infectious diseases, which is required as an execution plan to
achieve the goals of national health security and fostering new growth industries. Therefore, it is inevitable
to study information services based on the classification system and classification model for establishing
a national collaborative R&D strategy.

Seven classification - Diagnosis biomarker, Drug discovery, Epidemiology, Evaluation validation,
Mechanism _signaling pathway, Prediction, and Vaccine therapeutic antibody - systems were derived
through reviewing infectious diseases-related national-funded research projects of South Korea. A
classification system model was trained by combining Scopus data with a bidirectional RNN model. The
classification performance of the final model secured robustness with an accuracy of over 90%. In order
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** Department of Science and Technology Management Policy, University of Science and Technology
*¥% Data Analysis Platform Center, Korea Institute of Science and Technology Information
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to conduct the empirical study, an infectious disease classification system was applied to the
coronavirus-related research and development projects of major countries such as the STAR Metrics
(National Institutes of Health) and NSF (National Science Foundation) of the United States(US), the
CORDIS (Community Research & Development Information Service)of the European Union(EU), and the
KAKEN (Database of Grants-in-Aid for Scientific Research) of Japan.

It can be seen that the research and development trends of infectious diseases (coronavirus) in major
countries are mostly concentrated in the prediction that deals with predicting success for clinical trials at
the new drug development stage or predicting toxicity that causes side effects. The intriguing result is that
for all of these nations, the portion of national investment in the vaccine therapeutic antibody, which is
recognized as an area of research and development aimed at the development of vaccines and treatments,
was also very small (5.1%). It indirectly explained the reason of the poor development of vaccines and
treatments. Based on the result of examining the investment status of coronavirus-related research projects
through comparative analysis by country, it was found that the US and Japan are relatively evenly investing
in all infectious diseases-related research areas, while Europe has relatively large investments in specific
research areas such as diagnosis biomarker. Moreover, the information on major coronavirus-related
research organizations in major countries was provided by the classification system, thereby allowing
establishing an international collaborative R&D projects.

Key Words : National-Funded Project, Infectious diseases, Classification, Bidirectional RNN, Coronavirus,

Collaboration
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