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13:30-13:40

Session 1_

SARS-CoV-2 Biology and Drug Development

13:40-14:10 Seungtaek Kim / 7€ vFA} 13
Zoonotic Virus Laboratory, Institut Pasteur Korea / SFEItAE| 2 HLA
Localized Immunological Memory in Cynomolgus Macaques Following SARS-CoV-2
Infection
14:10-14:35 =
Jung Joo Hong / && 5 vFA} 14
Korea Research Institute of Bioscience and Biotechnology (KRIBB) / SH=2A g5t
Gut microbiome, including the gut virome, in human health and disease, and the current
14:35-15:00 state of research and development (R&D)

Eunyoung Chun / A2 A5t 15
CHA Vaccine Institute / XP Al AF 4

Session 2_

Strategy and Policy for Future Infectious Disease Preparedness

15:00-15:10 Gildon Choi / HZ4= A g% 16
Korea Research Institute of Chemical Technology / 3+=3}3+d 7Y 7+ 7| & A2k E| %
The Current Status of Vaccine Research and Development at the KRICT and Preparedness
. ) for Future Emerging Viral Infectious Diseases
15:10-15:35 Dae-Gyun Ahn / Qtofj o EFA} 17
Korea Research Institute of Chemical Technology / 328}t ZFA R oA  |[&HFAE
INID-K biobank for securing and utilizing infectious disease resources imported from
abroad
15:35-16:00 Chonsaeng Kim / 71 2 AY ¥FA} 18
Korea Research Institute of Chemical Technology / 323157 ZFG W oA el | & ATLAT E
Innovative 3D-Bioprinted Airway Model for Evaluating Antiviral Efficacy against
SARS-CoV-2
16:00-16:20 Myoung Kyu Lee / o] g BFA} 19
Korea Research Institute of Chemical Technology / $F238Fetd 1Y ZHAH A 5 7| S ATANE
16:20-16:35 Coffee Break
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Session 3_ gt=tjo[2{A7| = A A(1BS) MM

The protease KLK5 mediates the activation of betacoronavirus spike proteins
16:35-17:00 Yeonglim Kang / 739 < dFAF 20
Korea Virus Research Institute, Institute for Basic Science / gF=Hlo|ZHA 7| 2 AFA

Memory T cell responses elicited by SARS-CoV-2 vaccination and breakthrough infection
17:00-17:25 Min Kyung Jung / A 517 grA} 21
Korea Virus Research Institute, Institute for Basic Science/ Sh=Hlo|H A 7| 2 LA

Regulatory T cells after successful treatment of chronic hepatitis C
17:25-17:50 So-Young Kim / 71 A% grAb 22
Korea Advanced Institute of Science and Technology (KAIST)

17:50-18:30  tigtHtolH A5te] 7S 9] (AN / ZAE Al

18:30- ZHA3] | A&
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09:00-09:05  UAFZ / ZkFHto|H A A3 et Hdiet A W

Special Session 2tz 2449 w4 (Oofchstm oftchst)

Hepatitis B virus and Hepatocellular carcinoma
09:05-09:40 Guhung Jung / 35 Hou 25
College of Natural Sciences, Seoul National University/ A&t stu A g 3}k

Session 1 22k 21A01 W4 (OLRCHEtw o niCyst

Identification of SARS-CoV-2 entry blockers and investigation on their cell
type-dependent antiviral efficacy
Meehyein Kim / 79| &d 2rA} 26
Korea Research Institute of Chemical Technology (KRICT) / =3}t 1

09:40-10:00

Structural insight into HBV receptor NTCP and virus binding
10:00-10:20 Jae-Hyun Park / 21 & 4= 27
Sungkyunkwan University, School of Medicine / A3 stw

10:20-10:35 AFZ&9/Break time

Session 2 2 4S8 na(gaoysty o|nteyst)
-B-D-

A novel antiviral activity of 5-aminoimidazole-4-carboxamide-1- ribofuranoside
modulating hepatitis B virus transcription
Yong Kwang Park / 2833 BFA} 28

Korea National Institute of Infectious Disease / =H B A ALY wrA oy A A L3}

10:35-10:55

Development of a reverse genetics system to generate vaccine strain of Hepatitis A virus
10:55-10:15 Dong Won Seo / A5 ¥FA} 29
Gyeongbuk Institute for Bio industry / 7 EH}0] @ AH9] 1] B A1 A}-2 51 A |

Tripartite motif-containing protein 21 is involved in IFN-r-induced suppression of
hepatitis B virus by regulating hepatocyte nuclear factors

10:15-11:35 _
Juhee Won / Y33] €rA} 30
School of Medicine, Sungkyunkwan University / Aol st o7} st
Evaluation of Antiviral Efficacy of Reversibly Degradable Guanidine Imides as Oral
11:35-11:55 Bioavailable, Broad Spectrum Anti-Influenza Viral Agents

Soo Bin Ahn / Q=11 ¥lA}atA 31
Korea Research Institute of Chemical Technology (KRICT) / 3F25}std 1 ZHH X 5 A A-FAlE

11:55-12:00 -t/ 7idulo]HA ALI|A Aty P H3 75

12:00-12:30 EAH A/ 15 9394
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10:00-10:05  743] / - 2efol e AT AR FAE B
10:05-10:15 ARSA}: A E XL 7§ W AR} A7)
Water Quality - Method for detection of Norovirus in water using RT-nested PCR
10:15-10:55 Gyu-Cheol Lee / 0]4F4 dFA} 35
K-water / =4 A
10:55-11:05 5 4
Water Quality - Quality Control of Norovirus Gene Analysis in Water
11:05-11:35 Ok-Jae Rhee / 0]2-A)] BTA} 36
DK EcoV Environmental Microbiology Lab / EoV E3-7 AF+4%
1as1gss  HE7HH 219 /150 $8) 2Hof Wt =]
: ' SCA AE9 3] 2 MZ7HE oA 49
11:55-12:00 3]/ e zH}o|H A A9 A& oty YAF w4
MZAAHto|2{ A HRF ZUZ 35 AR
09:50-10:00 QAANL / A FA o] HA AL H HHetn e W
Autophagy Mediates CpG-ODN-Induced Survival Improvement in Scrapie-Infected Mice
10:00-10:20 Mohd Najib Mostafa / E3t1}4 39
lIsong Institute of Life Science, Hallym University / S+ tjstw
Characteristic features of prion infection according to amino acid polymorphism of
. ) cellular prion protein
10:20-10:40 Sanghoon Byun / HAIS ALY 40
Hanyang University / SFFt st
Optimized Production of HIV-1 Gag-based SARS-CoV-2 Virus-Like Particles
10:40-11:00 Hyeop Jin / A A A 41
College of Bio-Convergence, Dankook University / @-=tjj st
11:00-11:30  AlFAHPo| 2 A A3 1M 3]
11:30-11:40 W2/ AlFAEM| S A A3 Shl st 227 W
12:00-12:30 EAE AA/ 15 97394
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09:30-09:40 QAP / Q| 2utol el A AT Ahsta Bhe A W
SARS-CoV2 mRNA vaccine intravenous administration induces myocarditis in chronic
inflammation
09:40-10:00 Ha-Eun Jeon / A3} 45
Department of Biomedical Science, Jungwon University / &gt
Role of Mitochondrial ROS and the STING/TKB-1/ IRF3 Pathway in the Antiviral
Mechanisms of Saucerneol from Saururus chinensis against Enterovirus A71
10:00-10:20 Coxsackievirus A16, and Coxsackievirus B3
Seo-Hyeon Mun / 4@ 46
Department of Pharmacy, Kangwon National University / 7}t st
Cardiac-specific PDK4 deletion maintains mitochondrial function in the myocarditis
10:20-10:40 Hong-Gi Kim / Z1&7] 47
Department of Biomedical Science, Jungwon University / S tjstw
10:40-10:50 WLt/ olg|EHfolE A AZS A JUTStE W5 A W
12:00-12:30 EAE A4/ 15 O3 oA
Foldloj2{a A 22U 25 2R
09:00-09:10 QAN / S9jHlolH A ARSA 74 Ydsty 2 A
Session 1 Y 29 w20
Phylodynamics Under Surveillance: Estimating Epidemic Size of Highly Infectious Diseases
09:10-09:30 Dae sung Yoo / S-tiA o 51
College of Veterinary Medlcme Chonnam National University / Zdt]sta
Molecular characterization of feline panleukopenia virus, calicivirus, and herpesvirus
) circulating in Korean cat population
09:30-09:30 Dong-Kun Yang / 5o AT 52
Animal and Plant Quarantine Agency / -3 &Ag o E
Virus-Induced Host Lipolysis: A Novel Therapeutic Target for Control of Broad-RNA Virus
Infections
:50-10:1
09:50-10:10 Yeong-Bin Baek / Bl g1l W=
College of Veterinary Medlcme Chonnam National University / g t]sta
10:10-10:20 Coffee Break
6 _ 2024.8.22-24
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Evaluation of Live-Attenuated Foot-and-Mouth Disease Vaccine Strains in Susceptible
42 G EE A S A LA

Session 2

Animals
Jong-Hyeon Park / ¥=d AlE|A}t
Animal and Plant Quarantine Agency / =3
Infection Status and Genetic Characterization of Porcine Respiratory Coronavirus in

10:20-10:40

College of Veterinary Medicine, Kyungpook National University / FEt|stw

Current Korean Pig Farms
10:40-10:55 . e
Impact of African Swine Fever Vaccine Candidates on Fecal Microbiota and Immune
S

Hye-Ryung Kim / 71 5]|= 2rA}
Response in Pigs Challenged with the Virulent Korean Paju Strain: Is Microbiota Key to
2yl

Inducing a Successful Immune Response?
hl L o

Young-Seung Ko / 11 9<% 2rALHA
College of Veterinary Medicine, Jeonbuk National University /
Coffee Break
Zp3t:
57

10:55-11:10
e

58

11:10-11:20

Optimization of immunogenicity and efficacy evaluation of candidates for the

o g

Session 3
chikungunya virus vaccine
Heeji Lim / 3] A] A-FAL
Center for Vaccine Research, National Institute of Infectious Diseases / &
Development and serological application of a FMD Virus-like Particles system capable of
EEREERIE

11:20-11:35

vaccine evaluation
11:35-11:30 Sung-Han Park / gFAJ 3t BhA}
Animal and Plant Quarantine Agency / 53414
W / ofufo] el 2 A7 A et © A% A

11:50-12:00 1
EXLE AV /15 g3

12:00-12:30
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09:00 - 09:05

QAR / ofivto| 2] A8 MefehSta ofujehst sy

09:05-09:35

Human SFTS
Sung-Han Kim / 7145} 61
ASAN Medical Center / A]-2oFAF Q]

09:35-10:05

Vaccine development of Dabie bandavirus in dogs
Kang Jun-GU / 7} 62
Korea Zoonosis Research Institute, Jeonbuk National University / A E2ojstw

10:05-10:35

Development of a Dengue Hemorrhagic Fever Animal Model Using IFNAR2 Knockout Pig
Myung-Shin Lee / o] g4l 63
Eulji University School of Medicine / SX|tjstu

10:35-11:05

Habitat of Anopheles mosquitoes in the two study areas in South Korea
Seon-Ju Yeo / o] A5 64
College of Medicine, Seoul National University / A-=tjstul

11:05-11:20

Molecular Characterization and Genomic Surveillance of Hantaan orthohantavirus using
Next-Generation Sequencing: Comparative Analysis of lllumina and Nanopore Sequencing
Approaches

Kyungmin Park / 241l 65
Korea University College of Medicine / 212 tjjstw

11:20-11:35

Dysregulated Hematopoiesis Drives Hematological Abnormalities in Severe Fever with
Thrombocytopenia Syndrome
Kyeongseok Jeon / 734 66
Seoul National University College of Medicine / A|-&tjjstw

11:35-11:50

A DENV vaccine candidate using multivalent mosaic nanoparticles of different serotypes
of dengue virus prM-E induces a potent neutralizing antibody response
Yeong Jun Kim / A9 & 67
College of Science and Technology, Korea University / 2.2t st

11:50-12:00

W/ obrutole] A A8 Teicfet ojutehet shaby wo

12:00-12:30

EAH A /15 B39 d
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09:00-09:05 QAR / 3] 2ol 2] % A8 A TeHSIL OJofehs} bl E W
Session 1 2t ol us(tE=itistn o|uchst)
Exploring virus and host interactions to understand viral latency in oncogenic
gammaherpesviruses
09:05-09:35
Moon Jung Song / $&74 n5 71
College of Life Suences and Biotechnology, Korea University / T2t st Ay 5 Z-SHEL
Regulation of ORF14 transcription by HP1BP3 in VZV infection
09:35-09:50 Woo-Chang Chung / -3 gFAL 72
Sungkyunkwan University School of Medicine / A2t st o]z}l st
Varicella Zoster Virus Glycoprotein E Facilitates PINK1/Parkin-mediated Mitophagy to
09:50-10:05 Evade STING And MAVS-mediated Antiviral Innate Immunity
' ' So00-Jin Oh / 9471 ¥rA}a}A A8 73
College of Medicine, Korea University / 218 tfjstn o)z}t
10:05-10:25 Coffee break
Session 2 242 Z1ole w4 (M|Z=CHEtn o|ntcyst
Unveiling the Innate Immunity: How Our Immune System Detects Herpes Simplex Virus-1
10:25-10:55 Sangloon Lee / oJAFE WS 74
Ulsan National Institute of Science and Technology (UNIST) / UNIST A & 2}-st31}
Mechanistic details of Betaherpes Immediate Early Protein 1 disassembly of
Promyelocytic Leukemia body
10:55-11:10 _
Junhyun Park / ¥r-&@ HFA} 75
The Research Institute of Basic Sciences, Seoul National University / A&tk A a}sks
Efficient CRISPR/Cas9-mediated Knock-in Approach for Labeling Human Cytomegalovirus
Immediate Early Genes
11:10-11:25 . . _
Kihye Shin / A17]3]] ¥FA} 76
Jeju National University College of Medicine / A|Ftst . o]z}cfj st
Development of a promising HSV-2 mRNA vaccine to successfully prevent primary and
latent HSV-2 infection
11:25-11:40
Youngran Cho / &3t 2 AT A 77
The Catholic University of Korea / 7}E-2ltj st v o] A g }shat
11:40-11:50 B3Z/ sjuAHlo|Z A ALY Aot oo e} M wa
12:00-12:30 EAE] A4}/ 15 7394
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09:10-09:15 AN/ EF7]etol el A AT FARAATLY AFuto] o 1 APAE o] o Ael
Development and Evaluation of Bivalent Vaccine Candidates against Influenza and
COVID-19
09:15-09:30 Sehee Park / 214 5] B AATLAL 81
National Institute of Infectious Diseases / =H X A ALY
Insight into the Early Spread of H5N1 in US: Dynamics of Highly Pathogenic Avian
Influenza Transmission in Wild Birds
09:30-09:45 Sungsu Youk / S44 114 82
College of Medicine, Chungbuk National University / &gt o]x}ofjst
Advancing Influenza B Vaccine: A Path to Better Effectiveness
09:45-10:00  lineui Kim / Z1%19] 8FA}}Y 83
Korea University College of Medicine / 22 2jtjjstw o] 7}ofj st
10:00-10:10 Break time
Divalent Oligonucleotides are Bioavailable in the Lung and Efficiently Block SARS- CoV-2
Infection
10:10-10:25 Minwook Shin / AW <= 84
College of Pharmacy, Sookmyung Women’s University / <:™5 of *}ofj &k oFstoyj st
A Novel Role of Epidermal Growth Factor Receptor (EGFR) in Respiratory Virus Propagation
10:25-10:40 Hye Jin Shin / A& X w4 85
Chungnam National University School of Medicine / &g d|stw o] 3}ofj st
Packaging signal of SARS-CoV-2
10:40-10:55 Youngran Park / 8- ¥ ALY 86
Seoul National University, Institute for Basic Science / AJ-&tljelw. 7] 2715+ -4/RNA A5k
10:55-11:00 B/ TE7|Ho|Ej A ALE I AR ATYU AAZ AL
11:00-12:00 SFFIFATA F5FH S F7IHtolHA A 73
12:00-12:30 ZEAE AJA}/ 1= 7394

88 239(3) 9478| iR / 15 HIH

Az

ARS]: et W (gt ot

14:00-17:00

7N A3 wim
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10:00-12:00
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SARS-CoV-2 Biology and Drug Development

Seungtaek Kim

Zoonotic Virus Laboratory, Institut Pasteur Korea

COVID-19, an emerging infectious disease, is caused by the novel coronavirus SARS-CoV-2. Despite genetic
similarities to SARS-CoV, SARS-CoV-2 exhibits distinct differences in transmission, pathogenesis, and case
fatality rates compared to other highly pathogenic coronaviruses such as SARS-CoV and MERS-CoV. The
pandemic's significant socioeconomic impact hastened the development of diagnostics, vaccines, and
therapeutics, substantially aiding in controlling its spread. Nonetheless, the continuous emergence of new
variants presents ongoing challenges. Despite considerable advances, critical questions remain, particularly
concerning long COVID and asymptomatic infections. This presentation will explore the biology of
SARS-CoV-2 and advances in COVID-19 drug development, incorporating the latest updates.

Abstracts of Lecture / 25A14 _ 13
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Localized Immunological Memory in Cynomolgus
Macaques Following SARS-CoV-2 Infection

Jung Joo Hong

National Primate Research Centre, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Cheongju, Chungcheongbuk, Republic of Korea.
KRIBB School of Bioscience, Korea University of Science & Technology (UST), Daejeon, Republic of Korea.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection induces localized immunological
memory, particularly in the lungs and lymph nodes of humans. Our study evaluates if these responses can
be mirrored in cynomolgus macaques, a SARS-CoV-2 infection model, to explore the role of localized
immune memory in preventing re-infection. We analyzed samples from the upper respiratory tract, blood,
spleens, lymph nodes, and lungs of healthy and SARS-CoV-2-infected macaques using qPCR, TCID50, flow
cytometry, intracellular cytokine staining, and enzyme-linked immunosorbent spot assay. Advanced
methods like single-cell RNA-sequencing and spatial transcriptomics (ST) were employed to investigate
lung-resident immunological memory. Post-infection, significant CD4+ and CD8+ T cell responses and
germinal center activities were observed in lymphoid and lung tissues, with gene ontology analysis
indicating enhanced immune and inflammatory response pathways. ST analysis revealed distinct immune
responses within lung structures, especially in inducible bronchus-associated lymphoid tissue and alveoli,
underscoring their crucial role in localized defense against SARS-CoV-2. Our findings demonstrate that,
similar to humans, cynomolgus macaques develop localized immunological memory following SARS-CoV-2
infection, with pronounced immune activation in lung specific regions crucial for combating reinfection.
These insights underscore the importance of local immune memory in SARS-CoV-2 prevention, offering
valuable perspectives for targeted immunological interventions and vaccine development.

14 _ 2024.8.22-24
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Gut microbiome, including the gut virome, in human
health and disease, and the current state of research
and development (R&D)

Eunyoung Chun

(VP, Deputy Head of R&D Center)
CHA Vaccine Institute

The human gut harbors a complex and dynamic population of microorganisms called the gut microbiota.
This microbiota consists of 100 trillion microorganisms, including bacteria, fungi, protozoa, and viruses.

These microorganisms involve diverse biological processes essential for human life, such as extracting
energy, generating essential vitamins, cofactors, or metabolites, and regulating host immunity and
metabolism. However, dysbiosis of gut microbiota, e.g., alteration of frequency, diversity, and richness of
specific microbial composition, disrupts the epithelial barrier integrity, induces dysregulated host immunity,
and consequently, results in gut inflammatory disorders such as inflammatory bowel disease (IBD) and
colorectal cancer (CRC). Therefore, microbiota-host interaction is critical for health and disease, and
understanding the underlying mechanisms by which microbiota influence the host immune system provides
insight into the development of potential therapeutics for microbiome-related human diseases.

In today's presentation, | discuss the relationship between the microbiome and the immune system, which
| have studied, and present the latest research and developments in this field. For a virology society, | also
present the gut virome, its relationship with the microbiome, and its impact on the host immune system and
diseases. These findings and contents help in future studies of viruses and associated diseases and in
developing vaccines and treatments against various virus infections.

Abstracts of Lecture / 25A14 _ 15
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Strategy and Policy for Future Infectious Disease
Preparedness

He Yun Jeong, Gildon Choi"

Strategy and Policy Center for Infectious Diseases, Korea Research Institute of Chemical Technology,
Daejeon, Korea

The cycle of emerging viruses is becoming increasingly shorter due to globalization, climate change, and
other factors. As seen in the recent COVID-19 pandemic, securing technologies for infectious disease
preparedness is crucial not only for public health but also for the national economy. The Korea Research
Institute of Chemical Technology (KRICT) has long been conducting infectious disease research focused on
small molecule compounds, including antibiotics and antiviral therapeutics. Recently, KRICT has expanded
its research areas to include diagnostics and vaccines, actively pursuing R&D on infectious diseases that pose
national threats. In addition, the Strategy and Policy Center for Infectious Disease (SID) was established in
KRICT to support the government's policy and strategy for infectious disease preparedness, and to build
domestic and international research collaboration systems. In this presentation, | will introduce the
activities of the center aimed at achieving self-reliance in core fundamental technologies for infectious
diseases in Korea and securing fundamental scientific and technological capabilities for rapid response to
future infectious diseases.

16 _ 2024.8.22-24
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The Current Status of Vaccine Research and
Development at the KRICT and Preparedness for
Future Emerging Viral Infectious Diseases

Dae-Gyun Ahn

Korea Research Institute of Chemical Technology (KRICT)

In recent years, the spread of emerging infectious diseases has been increasing. The COVID-19 outbreak, in
particular, not only caused a significant public health crisis but also severely affected the global economy.
Amidst this crisis, numerous COVID-19 vaccines have been developed to control the virus. The Korea
Research Institute of Chemical Technology (KRICT) has also been actively engaged in developing vaccines for
COVID-19 and other emerging viruses. KRICT has successfully developed effective recombinant
protein-based vaccines using new high-efficiency delivery systems. Additionally, the institute has
established essential animal model evaluations for vaccine development against these emerging viruses.
We will introduce the various vaccine development projects at KRICT for emerging and re-emerging viruses
and discuss strategies for preventing future emerging viral infectious diseases.

Abstracts of Lecture / 2SA1d _ 17
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INID-K biobank for securing and utilizing infectious
disease resources imported from abroad

Chonsaeng Kim

Korea Research Institute of Chemical Technology (KRICT)

The emergence and spread of infectious diseases poses a serious threat to public health and the national
economy. The majority of these infectious diseases are imported from other countries. To proactively
respond to these infectious diseases, Seoul National University Hospital and KRICT have initiated the
‘International Network for Infectious Disease Research & Development of Korea (INID-K)’ project in 2020. It
has reached its fifth year with 16 countries participating from Asia and Latin America. The main objective of
the INID-K project is to secure meaningful information and infectious disease resources from these
countries through an international network, and ultimately distribute them to Korean researchers. INID-K
has successfully established a biobank for infectious disease resources, storing more than 5,000 resources
to date, and has established a resource management and distribution system using barcodes. Since 2021,
we have been hosting the international symposium for cooperation on infectious diseases annually, serving
as a bridge to facilitate effective collaboration between Korean researchers and foreign institutions. Our
accomplishment will provide a solid research infrastructure and enable us to respond preemptively to
infectious diseases.

18 _ 2024.8.22-24
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Innovative 3D-Bioprinted Airway Model for
Evaluating Antiviral Efficacy against SARS-CoV-2

Myoung Kyu Lee®, Yunji Lee?®, Hwa-Rim Lee?, Byungil Kim*, Meeheyin Kim**, Sungjune Jung?"

!Infectious Diseases Therapeutic Research Center, Korea Research Institute of Chemical Technology (KRICT),
Daejeon, 34114, Republic of Korea and ’Department of Materials Science and Engineering, Pohang
University of Science and Technology (POSTECH), Pohang, 37673, Republic of Korea

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and its variants resulted in a global
pandemic. While the majority of individuals infected SARS-CoV-2 exhibit mild to moderate respiratory
symptoms, with viral replication primarily confined to the upper respiratory tract, a subset of patients
suffers from severe symptoms such as life-threatening pneumonia, due to its ability of spread to the lower
respiratory tract. It is well-known that SARS-CoV-2 targets several types of epithelial cells which express
angiotensin-converting enzyme 2 (ACE2) and transmembrane protease serine subtype 2 (TMPRSS2) on their
apical membrane. The upper airway epithelium in the nasopharynx and trachea abundantly expresses both
ACE2 and TMPRSS2, and is highly susceptible to the incoming SARS-CoV-2. The replicated progeny virus in
the upper airway epithelium spreads to the lower respiratory tract. The human airway system consists of
epithelium exposed to the air, an extracellular matrix (ECM) which composed of collagen secreted by
fibroblast, and vascular endothelium. To develop antiviral orimmunoregulatory molecules, it is essential to
understand viral pathogenesis in a physiologically relevant system that supports SARS-CoV-2 infection of
air-liquid interface (ALI) culture cells on the ECM basement and vascular endothelial cells. In this study, we
present a bioprinted three-layered airway model with a physiologically relevant microstructure for the
study of SARS-CoV-2 infection dynamics. This model exhibited clear cell-cell junctions and mucus secretion
with an efficient expression of ACE2 and TMPRSS2. Having infected air-exposed epithelial cells in the upper
layer with a minimum multiplicity of infection of 0.01, the airway model showed a marked susceptibility to
SARS-CoV- 2 within one-day post-infection (dpi). Furthermore, the unique longevity allowed the
observation of cytopathic effects and barrier degradation for 21 dpi. The in-depth transcriptomic analysis
revealed dramatic changes in gene expression affecting the infection pathway, viral proliferation, and host
immune response which are consistent with COVID-19 patient data. Finally, the treatment of antiviral
agents, such as remdesivir and molnupiravir, through the culture medium underlying the endothelium
resulted in a marked inhibition of viral replication within the epithelium. The bioprinted airway model can
be used as a manufacturable physiological platform to study disease pathogeneses and drug efficacy.
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The protease KLK5 mediates the activation of
betacoronavirus spike proteins

Yeonglim Kang

Center for Study of Emerging and Re-emerging Viruses, Korea Virus Research Institute, Institute for Basic
Science

Coronaviruses rely on host cell proteases to activate the viral spike proteins that facilitate fusion with the
host cell membrane and the release of viral genomic RNAs into the host cell cytoplasm. The availability of
specific host proteases plays a crucial role in determining the host- and tissue- specificity of these viruses.
Here, we identifed Kallikrein 5 (KLK5), a secreted serine protease belonging to the KLK family, as a major host
protease exploited by multiple human betacoronaviruses. Using an in vitro cleavage assay system, we found
that KLK5 exhibited robust cleavage activity at both the priming (51/52) and activation (S2') sites of spike
proteins from various human betacoronaviruses. In contrast, KLK12 and KLK13 displayed preferences for
either the activation or priming site, respectively. Whereas KLK12 and KLK13 worked in concert to activate
SARS-CoV-2 and MERS-CoV spike proteins, KLK5 alone efficiently activated spike proteins from several
human betacoronaviruses, including SARS-CoV-2. Infection of differentiated human bronchial epithelial
cells (HBECs) with human betacoronaviruses induced an increase in KLK5 that promoted virus replication.
Furthermore, ursolic acid and other closely related plant-derived triterpenoids that inhibit KLK5 effectively
suppressed the replication of SARS-CoV, MERS-CoV and SARS-CoV-2 in HBECs and mitigated lung
inflammation in mice infected with MERS-CoV or SARS-CoV-2. In conclusion, we propose that KLK5 is a
pan-coronavirus host factor, making it a promising therapeutic target for current and future coronavirus-
induced diseases.
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Memory T cell responses elicited by SARS-CoV-2
vaccination and breakthrough infection

Min Kyung Jung

Author’s Affiliation: The Center for Viral Immunology, Korea Virus Research Institute, Institute for Basic
Science, Daejeon, Korea

COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection was first
reported in December 2019. Although COVID-19 vaccines have been developed at an unprecedented pace
and administered to large populations on a global scale, the pandemic lasted for over three years due to the
rapid decay of neutralizing antibodies (nAbs) and the emergence of variants, including the various Omicron
variants. Several studies demonstrated that SARS-CoV-2-specific memory T cells that were elicited by the
Wuhan-Hu-1 COVID-19 mRNA vaccine functionally responded to diverse variants of concerns. In addition,
we found breakthrough infection by early Omicron subvariants enhanced T cell immunity against the spike
of not only the infecting subvariant but also newly emerging subvariants. In this lecture, | will discuss the
characteristics of SARS-CoV-2-specific memory T cells elicited by vaccination or infection as well as evidence
supporting the evolution of T-cellimmunity alongside the continuous SARS-CoV-2 variants amid the current
COVID-19 endemic era.
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Regulatory T cells after successful treatment of
chronic hepatitis C

So-Young Kim®, June-Young Koh"?, Dong Hyeon Lee?, Hyung-Don Kim', Seong Jin Choi’, Yun Yeong
Ko, Ha Seok Lee?, Jeong Seok Lee™?, In Ah Choi°, Eun Young Lee®, Hye Won Jeong®, Min Kyung
Jung®, Su-Hyung Park?, Jun Yong Park”", Won Kim*", Eui-Cheol Shin**"

'Graduate School of Medical Science and Engineering, Korea Advanced Institute of Science and Technology
(KAIST), Daejeon 34141, Republic of Korea, ‘GENOME INSIGHT Inc., Daejeon 34051, Republic of Korea,
*Department of Internal Medicine, Seoul Metropolitan Government Boramae Medical Center, Seoul
National University College of Medicine, Seoul 07061, Republic of Korea, “The Center for Viral Immunology,
Korea Virus Research Institute, Institute for Basic Science (IBS), Daejeon 34126, Republic of Korea,
>Department of Internal Medicine, Chungbuk National University College of Medicine, Cheongju 28644,
Republic of Korea, ®Division of Rheumatology, Department of Internal Medicine, Seoul National University
College of Medicine, Seoul 03080, Republic of Korea, Department of Internal Medicine, Severance Hospital,
Yonsei University College of Medicine, Seoul 03722, Republic of Korea

During chronic hepatitis C virus (HCV) infection, several immune cells undergo quantitative and qualitative
alterations. However, whether these altered features are normalized after viral elimination is still
controversial. In the present study, we longitudinally investigated the phenotypical, transcriptional and
epigenetic characterization of peripheral Tges cells in HCV infection before and after DAA treatment. We
found that the frequency of the peripheral Tre cell population, especially the activated Tgeg cell population,
was elevated in patients with chronic HCV infection compared to healthy donors. This expansion was
maintained even after viral elimination after treatment. Transcriptomic analysis demonstrated that Treg cell
population from patients with chronic HCV infection exhibited altered signatures that were featured with
immune activation and T, 17-related genes. Interestingly, these unique features were retained after viral
clearance following DAA treatment. In addition, epigenetic analysis exhibited inflammatory imprinting of
Tres cell population, including the increased chromatin accessibility of genes and transcription factor binding
sites related to immune activation. These epigenetic scars were sustained even after successful viral
clearance following the treatment. Furthermore, we identified that the expanded Trec cell population from
the patients had an enhanced capacity to secrete inflammatory cytokine TNF, upon anti-CD3/CD28
stimulation, and this increased capability was maintained after the treatment. In addition, these
TNF-secreting Treg cell population exhibited activated phenotypes, which were maintained after the
treatment. In summary, our data showed that the expanded Tgeg cells in patients with chronic HCV infections
acquired sustained inflammatory features in terms of phenotypical, transcriptional and epigenetic levels,
even after viral clearance.
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Hepatitis B virus and Hepatocellular carcinoma

Guhung Jung

Department of Biological Sciences, College of Natural Sciences, Seoul National University, Seoul, South
Korea

Class | phosphoinositide 3-kinase (PI3K) signaling is a major pathway in human cancer development and
progression. Among the four PI3K isoforms, PI3Ka and PI3Kf are ubiquitously expressed, whereas PI3Ky and
P13Kd are found primarily in leukocytes. Until now, PI3K targeting in solid tumors has focused on inhibiting
PI3Ka-mediated and PI3KB-mediated cancer cell-intrinsic PI3K activity. The role of PI3K$ in solid tumors is
unknown. Here, we evaluated the effects of PI3K$ using established hepatocellular carcinoma (HCC) cells,
malignant hepatocytes derived from patients with advanced HCC, murine models, and HCC tissues using
RNA sequencing, quantitative PCR, immunoblotting, immunofluorescence, microarray, liquid
chromatography-tandem mass spectrometry, and kinase assay. We established a chemical carcinogenesis
model of liver malignancy that reflects the malignant phenotype and the in vivo environment of advanced
HCC. In this in vivo advanced HCC-mimic system using HCC cells treated with hydrogen peroxide (H202), we
showed that H202 selectively increases PI3Kd activity while decreasing that of other class | PI3Ks. Blocking
PI3Kd activity with a PI3KS inhibitor or small interfering RNA—mediated PI3Kd gene silencing inhibited
HCC-cell proliferation and dampened key features of malignant HCC, including the up-regulation of
telomerase reverse transcriptase (TERT). Mechanistically, H202 induced oxidative modification of the
serpin peptidase inhibitor, serpin peptidase inhibitor (SERPINA3), blocking its ubiquitin-dependent
degradation and enhancing its activity as a transcriptional activator of PI3K5 and TERT. High PI3Kd levels in
HCC were found to correlate with poor survival rates, with human advanced HCC showing positive
correlations between the protein levels of oxidized SERPINA3, PI3KJ, and TERT. Thus, PI3Kd plays significant
roles in malignant liver tumors. Conclusion: Our data identify PI3K5 inhibition, recently approved for the
treatment of human B-cell malignancies, as a potential treatment for HCC. (Hepatology 2018;68:2285-
2300).
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|dentification of SARS-CoV-2 entry blockers and
investigation on their cell type-dependent antiviral
efficacy

Meehyein Kim

Infectious Diseases Therapeutic Research Center, Korea Research Institute of Chemical Technology (KRICT),
Daejeon 34114, Republic of Korea

Graduate School of New Drug Discovery and Development, Chungnam National University, Daejeon 34134,
Republic of Korea

Cell culture-based screening of a chemical library identified diphenoxylate as an antiviral agent against
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The observed 50% effective concentrations
ranged between 1.4 and 4.9 uM against the original wild-type strain and its variants. Time-of-addition
experiments indicated that diphenoxylate is an entry blocker targeting a host factor involved in viral
infection. Fluorescence microscopic analysis visualized that diphenoxylate prevented SARS-CoV-2 particles
from penetrating the cell membrane and also impaired endo-lysosomal acidification. Diphenoxylate
exhibited a synergistic inhibitory effect on SARS-CoV-2 infection in human lung epithelial Calu-3 cells when
combined with a transmembrane serine protease 2 (TMPRSS2) inhibitor, nafamostat. This synergy
suggested that the efficient antiviral activity is achieved by blocking both TMPRSS2-mediated early and
endosome-mediated late SARS-CoV-2 entry pathways. The antiviral efficacy of diphenoxylate against
SARS-CoV-2 was reproducible in a human tonsil organoids system. In a transgenic mouse model expressing
the obligate SARS-CoV-2 receptor, human angiotensin converting enzyme 2, intranasal administration of
diphenoxylate (10 mg/kg/day) significantly reduced the viral RNA copy number in the lungs by 70% on Day
3. This study underscores that diphenoxylate represents a promising core scaffold, warranting further
exploration for chemical modifications aimed at developing a new class of clinically effective antiviral drugs
against SARS-CoV-2.
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Structural insight into HBV receptor NTCP and virus
binding

Jae-Hyun Park

Department of Molecular Cell Biology, Sungkyunkwan University, School of Medicine, Suwon, Republic of
Korea.

More than 2 billion people worldwide are infected with the hepatitis B virus (HBV), with approximately 360
million facing chronic infection. An additional 18 million individuals may carry the satellite virus, hepatitis D
virus (HDV), increasing the risk of severe liver disease. The HBV receptor, identified as sodium taurocholate
co-transporting polypeptide (NTCP), directly interacts with the myristoylated preS1 domain of the HBV large
surface protein to initiate viral entry. In this study, we present the cryo-electron microscopy structures of
two complexes: taurocholic acid-bound human NTCP and myristoylated preS1 (residues 2-48) bound
human NTCP. The comprehensive analysis of the two structures reveals a novel induced-fit mechanism for
establishing high-affinity virus-host attachment. This discovery provides a blueprint for the rational design
of anti-HBV drugs targeting virus entry and elucidates the atomic-level principles underlying HBV receptor
binding.
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A novel antiviral activity of 5-aminoimidazole-4-
carboxamide-1-B-D-ribofuranoside modulating
hepatitis B virus transcription

Yong Kwang Park*, Gyeong-Hwuii Kim, Gahee Kim, Yongwook Choi, Songmee Bea

Division of Chronic Viral Disease, Center for Emerging Virus Research, Korea National Institute of Infectious
Disease, Korea National Institute of Health, 187 Osongsaengmyeong 2-ro, Osong-eup, Heungduk-gu,
Cheongju-si, Chungbuk, 28159, The Republic of Korea

Background and Aim: 5’-AMP-activated protein kinase (AMPK) is a master sensor of energy regulating
metabolic homeostasis. Recently, several studies reported that activation of AMPK restrict infectious
viruses such as SARS-CoV-2, zika virus, Kaposi’s sarcoma-associated herpesvirus, and coxsakievirus B3.
However, the antiviral effect of AMPK activation against hepatitis B virus (HBV) infection is not elucidated.
Here, we investigated the anti-HBV activity of pharmacological activator of AMPK.

Methods: 5-aminoimidazole-4-carboxamide-1-B-D-ribofuranoside (acadesine), analog of AMP used for
activation of AMPK. To determine the HBV inhibitory concentration of acadesine without cell toxicity, HBV
antigen secretion and MTT assay were assessed in HepG2.2.15 and HepG2 cells. HBV life cycle including
HBeAg/HBsAg secretion, HBV transcription and replication were analyzed in HepG2-NTCP cells with HBV
infection.

Results: Acadesine inhibited the HBV antigen secretion, especially surface antigen, in HBV expressing cell
lines and attenuated HBV DNA and RNA in HBV infection system. The molecular mechanism of anti-HBV
activity of acadesine was the activation of the MAPK (Erk1/2), consequently down-regulated the expression
of HNF4a binding to HBV enhancers. These results indicated that acadesine inhibited HBV replication at the
transcriptional level through activation of MAPK-HNFs signal pathway. Finally, HBV infection decreased
AMPK phosphorylation, suggesting that AMPK activation may play a role of cellular restriction factor in
HBV-infected hepatocytes.

Conclusion: This study identified the possibility of acadesine as potential therapeutic agent for chronic
hepatitis B

This work was supported by the intramural fund (grant number 2022-NG-005-02) from Korea National
Institute of Health.
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Development of a reverse genetics system to
generate vaccine strain of Hepatitis A virus

Sang Hwan Seo?, Jung Ah Choi*, Sumin Choi?, Manki Song"", Dong Won Seo?"

!International Vaccine Institute, SNU Research Park, 1 Gwanak-ro, Gwanak-gu, Seoul 08826 Korea,
’Gyeongbuk Institute for Bio industry, Andong-si, Gyeonbuk-do, 36618 Korea

Objective : Hepatitis A virus (HAV) vaccine strains are typically produced using diploid cell lines such as
MRC-5. However, MRC-5 cells have limitations including restricted passage capacities due to senescence,
challenges in scaling up production using bioreactor technology with microcarriers, and difficulties in
maintaining serum-free culture conditions. To address these issues, a HAV vaccine strain was generated in
Vero cells, which offer advantages for large-scale production, via reverse genetics. The reverse genetically
generated HAV (RG-HAV) was sequentially adapted to Vero cells to improve production yield.

Methods : To produce the HAV vaccine strain, Vero cells were transfected with HAV RNA generated via in
vitro transcription. The Vero-adapted RG-HAV was confirmed using quantitative RT-PCR, enzyme-linked
immunosorbent assay (ELISA), and transmission electron microscopy (TEM). Sequence analysis of RG-HAV
in the internal ribosomal entry site and capsid protein was conducted using Rapid Amplification of cDNA
Ends (RACE). The immunogenicity of RG-HAV was assessed by measuring HAV-specific antibody titers in
mice immunized with the inactivated RG-HAV with alum adjuvant.

Results : The Vero cell-adapted RG-HAV showed approximately 30 times higher production yield compared
to the initial transfection. Additionally, RG-HAV exhibited a higher replication rate compared to HM-175, the
commercially used HAV vaccine strain, in both Vero cells and MRC-5 cells. Sequence analysis revealed no
amino acid changes in the major antigenic region, while nine amino acid differences were identified in the
coding sequence for the structural protein compared to HM-175. Immunogenicity studies in mice
demonstrated that inactivated RG-HAV induced a HAV-specific antibody response.

Conclusions : In summary, we generated a new HAV vaccine strain, RG-HAV, which demonstrates better
replication rates in Vero cells and retains immunogenicity. This strain represents a promising candidate for
large-scale HAV vaccine production.
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Tripartite motif-containing protein 21 is involved in
IFN-y-induced suppression of hepatitis B virus by
regulating hepatocyte nuclear factors

Juhee Won, Na Yeon Kim, Mehrangiz Dezhbord, Eun-Hwi Lee, Donghyo Lee, Kyun-Hwan Kim"

Department of Precision Medicine, School of Medicine, Sungkyunkwan University, Seoul, Republic of Korea.

The antiviral role of the tripartite motif-containing (TRIM) protein family , a member of the E3-ubiquitin
ligase family, has recently been actively studied. Hepatitis B virus (HBV) infection is a major contributor to
liver diseases; however, the host factors regulated by cytokine-inducible TRIM21 to suppress HBV remain
unclear. In this study, we showed the antiviral efficacy of TRIM21 against HBV in hepatoma cell lines, primary
human hepatocytes isolated from patient liver tissues, and mouse model. Using TRIM21 knock-out cells, we
confirmed that the antiviral effects of interferon-gamma, which suppress HBV replication, are diminished
when TRIM21 is deficient. Northern blot analysis confirmed a reduction of HBV RNA levels by TRIM21. Using
Luciferase reporter assay, we also discovered that TRIM21 decreases the activity of HBV enhancers, which
play a crucial role in covalently closed circular DNA transcription. The participation of the RING domain and
PRY-SPRY domain in the anti-HBV effect of TRIM21 was demonstrated through experiments using deletion
mutants. We identified a novel interaction between TRIM21 and hepatocyte nuclear factor 4a (HNF4a)
through co-immunoprecipitation assay. More specifically, ubiquitination assay revealed that TRIM21
promotes ubiquitin-mediated proteasomal degradation of HNF4a. HNF1la transcription is down-regulated
as a result of the degradation of HNF4q, an activator for the HNF1a promoter. Therefore, the reduction of
key HBV enhancer activators, HNF4a and HNF1a, by TRIM21 resulted in a decline in HBV transcription,
ultimately leading to the inhibition of HBV replication.IMPORTANCEDespite extensive research efforts, a
definitive cure for chronic hepatitis B remains elusive, emphasizing the persistent importance of this viral
infection as a substantial public health concern. Although the risks associated with hepatitis B virus (HBV)
infection are well known, host factors capable of suppressing HBV are largely uncharacterized. This study
elucidates that tripartite motif-containing protein 21 (TRIM21) suppresses HBV transcription and
consequently inhibits HBV replication by downregulating the hepatocyte nuclear factors, which are host
factors associated with the HBV enhancers. Our findings demonstrate a novel anti-HBV mechanism of
TRIM21 in interferon-gamma-induced anti-HBV activity. These findings may contribute to new strategies to
block HBV.
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Evaluation of Antiviral Efficacy of Reversibly
Degradable Guanidine Imides as Oral Bioavailable,
Broad Spectrum Anti-Influenza Viral Agents

Soo Bin Ahn

Infectious Diseases Therapeutic Research Center, Korea Research Institute of Chemical Technology (KRICT),
Daejeon 34114, Republic of Korea

Graduate School of New Drug Discovery and Development, Chungnam National University, Daejeon 34134,
Republic of Korea

Influenza virus is an acute respiratory infectious pathogen that annually causes severe illness in millions of
individuals and leads to tens of thousands of deaths worldwide. Currently, neuraminidase inhibitors, such
as oseltamivir phosphate and peramivir, along with the endonuclease inhibitor baloxavir marboxylate, have
been clinically approved for treatment. However, the emergence of drug-resistant viruses remains a
significant concern, as exemplified by oseltamivir-resistant viruses with the H275Y mutation in
neuraminidase. Additionally, oseltamivir phosphate, which is most widely used, requires twice-daily
administration for five days, representing unmet needs and inconvenience. This underscores the necessity
for developing a novel class of antivirals with broad-spectrum activity that can be administered orally in a
single dose. Here, we present orally administrable prodrugs (OSC-GCDIs) of guanidino oseltamivir
carboxylate (GOC) based on guanidine cyclic diimide (GCDI) for the treatment of wild-type and
oseltamivir-resistant influenza viruses. By concealing the positively-charged guanidine group, which limits
the intestinal absorption of guanidine-based drugs, OSC-GCDIs demonstrate a dramatic improvement in
oral bioavailability. Furthermore, the GCDI prodrugs readily form covalent adducts with serum proteins via
a degradable linker after intestinal absorption. The active substance, GOC, is released from the conjugate in
a sustained manner, greatly enhancing pharmacokinetic properties. Due to the remarkable improvements
in both oral bioavailability and pharmacokinetics, OSC-GCDI(P) achieves outstanding therapeutic efficacy
against both wild-type and oseltamivir-resistant (H275Y) influenza strains in a mouse infection model, even
with a single oral administration.
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Water Quality - Method for detection of Norovirusin
water using RT-nested PCR

Eun-Ju Cho', Eun-Young Jung?, Gyu-Cheol Lee®, Hye Rang Cho’, Jung Eun Lee®, Minho Kim?,
Min-jeong Kim?, Minyoung Kim?, Ok-Jae Rhee®”, Seong-Taek Kim®, Seungjun Lee?, Soon Joo Kwon®

DK EcoV Environmental Microbiology Lab., Busan Water Authority, *K-water, “National Institute of
Environmental Research, *Seoul Water Institute

The purpose of this document is to specify all matters necessary to obtain accurate and consistent test
results when analyzing norovirus present in water. This document is applicable to norovirus testing in
various environmental waters, including groundwater, rivers, lakes, etc. This consists of concentration
through a positively charged filter, elution, concentration by organic flocculation, ribonucleic acid (RNA)
extraction, reverse transcription polymerase chain reaction (RT-PCR), and confirmation of PCR products.
This standard also includes quality control methods for the process from RT-PCR to the confirmation of PCR
products and does not include quality control for the real-time PCR process. Samples collected must be
transported in refrigerated storage below 10°C, and pretreatment (elution and organic flocculation) must
be performed within 72 hours from the time of sampling. Pretreated samples can be stored for a long time
in a frozen state, but genetic analysis should be performed within 72 hours if possible. Additionally, the
results of this experimental method are based on genetic analysis; it does not determine whether norovirus
is infectious even if it is detected. When preparing sampling tools, the tools used for sampling must be
disinfected using proper sterilizing techniques such as autoclaving, dry heat sterilization, and chemical
disinfection before sampling, depending on the material of each part. In particular, it is advisable to sterilize
parts under high pressure as much as possible to prevent contamination of norovirus gene fragments from
parts that are used repeatedly. To this end, each part can be replaced with a stainless steel material capable
of high-pressure steam sterilization. Additionally, it is recommended that the tubes used for collection be
made of sterilizable materials or disposable. During sample pretreatment and genetic analysis, precautions
must be taken to prevent norovirus contamination. Beakers, flasks, centrifuge tubes, syringes, and sample
storage containers used in the elution and organic flocculation processes must be autoclaved. For materials
that cannot be autoclaved, precautions must be taken against norovirus gene contamination due to
experimental manipulation and containers used, such as sterilized disposable products. For pipette tips
used in genetic analysis, use sterilized disposable filter tips to prevent contamination. Additionally, the
quality control samples should be analyzed to determine whether there are false positives or negatives. The
PCR and electrophoresis experiment spaces must be separated and equipped with equipment, such as a
biological safety cabinet, to prevent contamination from other experiments.
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Water Quality - Quality Control of Norovirus Gene
Analysis in Water

Eun-Ju Cho', Eun-Young Jung?, Gyu-Cheol Lee®, Hye Rang Cho’, Jung Eun Lee®, Minho Kim?,
Min-jeong Kim?, Minyoung Kim?, Ok-Jae Rhee®”, Seong-Taek Kim®, Seungjun Lee?, Soon Joo Kwon®

DK EcoV Environmental Microbiology Lab., Busan Water Authority, *K-water, “National Institute of
Environmental Research, *Seoul Water Institute

Norovirus belongs to the Caliciviridae family and is divided into seven genogroups (GI-GVIl). Among them,
Norovirus Genogroup | (Gl) and Norovirus Genogroup Il (Gll) are primarily associated with human infections.
When humans are infected with norovirus, symptoms include diarrhea, vomiting, abdominal pain, muscle
aches, general malaise, intermittent headaches, and mild fever. Norovirus is known as the leading cause of
nonbacterial gastroenteritis in humans. Norovirus is small, approximately 27 nm in size, and its genome
consists of single-stranded positive-sense RNA enclosed in a nonenveloped icosahedral capsid. Because of
the lack of standardized and validated infectious analysis methods for human norovirus, molecular methods
must be used to detect norovirus in environmental water. This document can be applied to the quality
control of norovirus testing in environmental waters, such as groundwater, river water, and lake water. The
method for analyzing norovirus in water consists of concentration through a positively charged filter,
elution, concentration by organic flocculation, ribonucleic acid (RNA) extraction, reverse transcription
polymerase chain reaction (RT-PCR), and confirmation of PCR products. This standard includes quality
control methods for the process from RT-PCR to the confirmation of PCR products and does not include
quality control for the real-time PCR process. Before starting the analysis of norovirus, the analyst must
perform this procedure to prove compliance with quality control standards, regularly inspect quality control
samples, and continuously demonstrate analytical capability by participating in external performance
evaluation programs. The quality control procedure for norovirus using RT-PCR and nested PCR is performed
as follows: a) Preparation of quality control evaluation samples, including a negative control sample made
of purified water and a positive control sample containing a specified amount of norovirus RNA; b) Addition
of each quality control evaluation sample, including negative and positive control samples, to an RT-PCR
master mix containing reverse transcriptase, primers, dNTPs, ribonuclease inhibitor, and PCR-grade water;
c) Conducting RT-PCR: Generation of cDNA through the RT reaction and gene amplification via PCR; d) Taking
a portion of the RT-PCR product and adding it to a PCR master mix for nested PCR amplification; e)
Verification of the final PCR amplification product using agarose gel electrophoresis or an automated
electrophoresis device; f) Determination of results (performing nucleotide sequence analysis if necessary).
For reporting results, prepare the “Norovirus Quality Evaluation Gene Analysis Report” and submit it to the
performance evaluation managing institution. The managing institution will conduct the final evaluation,
including sensitivity and specificity, based on the report and gene sequencing results.
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Autophagy Mediates CpG-ODN-Induced Survival
Improvement in Scrapie-Infected Mice

Mohd Najib Mostafa®?, Byungki Jang?, Myung-Joo Choi?, Hee-Woo Choi?, Hyung-Joo Kwon®,
Yong-Sun Kim*?, Eun-Kyoung Choi“?

!Department of Biomedical Gerontology, Graduate School of Hallym University, Chuncheon, Korea, 2llsong
Institute of Life Science, Hallym University, Seoul, Korea, *Department of Microbiology, College of Medicine,
Hallym University, Chuncheon, Korea

Prion disease, or transmissible spongiform encephalopathy, is characterized by a lack of immune response
due to self-tolerance. The role of the immune system in prion pathogenesis is unclear, with conflicting
evidence regarding its effects. The innate immune system, which is effective against various pathogens, has
shown promise in treating neurodegenerative conditions. CpG oligodeoxynucleotides (CpG ODN), which are
unmethylated cytidyl guanosyl oligonucleotides, stimulate the innate immune system via Toll-like receptor
9 (TLR9). Previous studies have indicated that CpG ODN increased survival in prion-infected mice, although
the underlying mechanisms and changes in immune cell populations are not well understood. In this study,
we employed an in vivo prion disease model to investigate the effects of CpG ODN on the immune system
and potential molecular pathways in 22L scrapie-infected mice. Mice injected with CpG ODN prior to 22L
scrapie infection demonstrated a significant 20-day increase in mean survival compared to vehicle-treated
controls. Flow cytometry analysis revealed that prion infection reduced the CD4 T cell population at 60 days
post-infection (dpi), a reduction that was mitigated in CpG ODN-treated mice. Furthermore, CpG
ODN-treated mice exhibited a higher CD8 T cell population, suggesting enhanced cytotoxic T cell activity and
CD4 T cell-mediated humoral immunity. Additionally, CpG ODN treatment was associated with reduced
PrPSc deposition in spleen and brain homogenates at 60 dpi and 170 dpi, respectively. Notably, CpG
ODN-treated mice showed increased expression of phosphorylated AMPK (Tyrl72), indicating early
activation of the AMPK pathway involved in autophagy. To confirm these findings, we used a 22L-scrapie
infected neuronal cell system treated with CpG ODN. Consistent with the in vivo results, CpG ODN reduced
PrPSc levels, an effect that was prevented by the autophagic inhibitor, Bafilomycin Al. These findings
suggest that a single administration of CpG ODN delays disease progression in scrapie-infected mice by
modulating the immune response and promoting autophagic clearance of PrPSc. Further studies are
ongoing to elucidate further molecular pathways underlying CpG-mediated survival increase in prion
disease [Grant: RS-2023-00247903].
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Characteristic features of prion infection according
to amino acid polymorphism of cellular prion protein

Sanghoon Byun®, Sungeun Lee', Yoonjeong Lee!, Miryeong Yoo', Jaehyeon Kim!, Hyeri Kim®,

Yoochan Kang®, Hyunjeong Park®, Young-Jin Son?, Eun-Kyoung Choi?, Yong-Sun Kim®, Yong-Pil
Cheon®*, Chongsuk Ryou®"

!Department of Pharmacy, College of Pharmacy and Institute of Pharmaceutical Science and Technology,
Hanyang University, Ansan, Gyeonggi-do, Republic of Korea, 2Department of Pharmacy, Suncheon National
University, Suncheon, Jeolla-do, Republic of Korea, *Department of Biomedical Gerontology, Graduate
School of Hallym University, Chuncheon 24252, Republic of Korea, *Division of Developmental Biology and
Physiology, School of Biosciences and Chemistry, Institute for Basic science, Sungshin University, Seoul,
Republic of Korea.

Prion disease is a group of neurodegenerative diseases caused by the infectious pathogen composed of
PrPSc, a misfolded isoform of PrPC. Previous studies have confirmed that prion transmission from one
species to another is inefficient due to the species barrier. As such, prions were generally considered to be
at no risk of animal-to- human transmission, but the emergence of vCJD, a human prion disease zoonotically
transmitted by BSE prions, demonstrated that the species barrier is incomplete in a certain occasion. Prion
propagation is primarily determined by the suitability between the amino acid sequence of the recipient
PrPC and the structure of PrPSc in the infecting prions. Afterwards, in the very rare cases, the prion strain can
adapt to a new host through continuous passages within the same species after initial inter-species
transmission. In this study, the in vivo models with PrP amino acid polymorphisms were used to determine
the effect of single amino acid polymorphism on infection. First, we adapted a laboratory scrapie prion strain
to the animals with a PrP polymorphism and compared the characteristics of infection. Also, PrPSc derived
from each model was cross-transmitted. Interestingly, single amino acid polymorphism affected the
incubation period of prion infection, suggesting a peculiar role of PrP amino acid polymorphism in prion
transmission and adaptation.
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Optimized Production of HIV-1 Gag-based
SARS-CoV-2 Virus-Like Particles

Hyeop Jin, Yong Tae Jung*

Department of Microbiology, College of Bio-Convergence, Dankook University, Korea

The virus-like particles (VLPs) are safe, highly immunogenic and mimic the native conformation of viruses.
Due to their high antigenicity and lack of a genetic component, VLPs serve as ideal platforms for the
development of vaccines and highly sensitive diagnostic reagents. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) VLPs are constructed by utilizing the spike (S), envelope (E), membrane (M), and
nucleocapsid (N). The nucleocapsid protein's abundance and conservation make it a valuable tool for
diagnosing coronavirus disease 2019 (COVID-19). Although VLPs offer numerous advantages as vaccines
and diagnostic agents, their low VLP yields require methods to increase VLP yields. In this study, the HIV-1
gag-pol gene was utilized for the production of Gag-SARS-CoV-2-VLPs to enhance VLP yield. For VLPs
production, transient transfection experiments were conducted using vectors encoding the S, M, E, N, and
HIV-1 gag-pol in HEK293T cells. Western blot analysis confirmed that the yield of Gag-SARS-CoV-2-VLPs was
increased compared to previously established VLP production methods. In addition, the increased
production efficiency of Gag-SARS-CoV-2-VLPs was confirmed in the stable 293T cell line expressing the
spike protein with the C-terminal 19 amino acids removed, compared to the stable 293T cells expressing the
wild-type spike protein. These data suggest that two independent mechanisms work together to increase
VLP yield in Gag-SARS-CoV-2-VLP assembly. Specifically, Gag-SARS-CoV-2-VLP assembly occurs concurrently
at both the endoplasmic reticulum-Golgi intermediate compartment (ERGIC) and the plasma membrane.
The Gag-SARS-CoV-2-VLPs produced in this study constitute a potent tool for elucidating viral tropism and
host range at the single-particle level, and have potential as reference materials for diagnostic applications.
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SARS-CoV2 mRNA vaccine intravenous
administration induces myocarditis in chronic
inflammation

Ha-Eun Jeon, Hong-Ki Kim, Ji-Hwa Shin, Jun-Gi Kim, Byung-Kwan Lim’

Department of Biomedical Science, Jungwon University, Goesan-gun, Chungbuk, 28024, Republic of Korea

The current COVID-19 mRNA vaccines were developed and applied for pandemic-emergent conditions.
These vaccines use a small piece of the virus's genetic material (mRNA) to stimulate an immune response
against COVID-19. However, their potential effects on individuals with chronic inflammatory conditions and
vaccination routes remain questionable. Therefore, we investigated the effects of mRNA vaccines in a
mouse model of chronic inflammation, focusing on their cardiac toxicity and immunogenicity dependent on
the injection route. mRNA vaccine intravenous administration with or without chronic inflammation
exacerbated cardiac pericarditis and myocarditis; immunization induced mild inflammation and
inflammatory cytokine IL-1beta and IL-6 production in the heart. Further, IV mRNA vaccination induced
cardiac damage in LPS chronic inflammation, particularly serum troponin | (Tnl), which dramatically
increased. IV vaccine administration may induce more cardiotoxicity in chronic inflammation. These
findings highlight the need for further research to understand the underlying mechanisms of mRNA vaccines
with chronic inflammatory conditions dependent on injection routes.
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Role of Mitochondrial ROS and the STING/TKB-1/
IRF3 Pathway in the Antiviral Mechanisms of
Saucerneol from Saururus chinensis against
Enterovirus A71, Coxsackievirus A16, and
Coxsackievirus B3

Seo-Hyeon Mun, Jae-Hyoung Song, Hyun-Jeong Ko™

Department of Pharmacy, Kangwon National University, Chuncheon 24341, Republic of Korea

Enterovirus A71 (EV71), coxsackievirus A16 (CVA16), and coxsackievirus B3 (CVB3) are pathogenic members
of the Picornaviridae family, known to cause a spectrum of diseases, including severe central nervous
system complications, myocarditis, and pancreatitis. Despite the significant public health burden posed by
these viruses, no antiviral therapies have been approved to date. Natural extracts are being extensively
studied as potential targets for antiviral therapies. Compared to synthetic drugs, these compounds often
exhibit lower toxicity, making them safer for long-term use. Additionally, they offer promising solutions to
the persistent issue of antibiotic resistance, a major challenge in modern medicine. The diverse bioactive
compounds found in natural extracts can disrupt various stages of viral infections, potentially leading to the
development of novel antiviral agents with fewer side effects and a reduced risk of resistance. In this study,
we demonstrated the potential of saucerneol, a compound isolated from Saururus chinensis, as an antiviral
agent against EV71, CVA16, and CVB3. In an in vivo model, saucerneol effectively suppressed CVB3
replication in the pancreas and mitigated virus-induced pancreatitis. The antiviral activity of saucerneol is
associated with an increase in mitochondrial ROS (mROS) production. Inhibition of MROS generation in vitro
reduced the antiviral efficacy of saucerneol. Furthermore, saucerneol treatment enhanced the
phosphorylation of STING, TBK-1, and IRF3 in cells infected with EV71 and CVA16, indicating that its antiviral
effects are mediated through the STING/TBK-1/IRF3 pathway, activated by elevated mROS production.
Saucerneol emerges as a promising natural antiviral agent against EV71, CVA16, and CVB3, with potential
benefits against virus-induced pancreatitis and myocarditis. Further research is required to evaluate its
safety and efficacy, which are critical for the development of effective antiviral strategies against these
pathogens.
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Cardiac-specific PDK4 deletion maintains
mitochondrial function in the myocarditis

Hong-Gi Kim, Ha-Eun Jeon, Ji-Hwa Shin, Jun-Gi Kim, Byung-Kwan Lim

Department of Biomedical Science, Jungwon University, Goesan-gun, Chungbuk, 28024, South Korea

Myocarditis is an inflammatory heart muscle disease that may progress to dilated cardiomyopathy and
chronic heart failure. Coxsackievirus B3 (CVB3) is one of the most common pathogens that cause acute
myocarditis in humans. Pyruvate dehydrogenase kinase 4 (PDK4) is a metabolic enzyme that regulates cell
metabolism by mitochondria function. We found that (Pyruvate dehydrogenase (PDH) phosphorylation
significantly increased in the hearts of mice after CVB3 infection. We hypothesized that PDK4 inhibition may
be an effective strategy to prevent myocarditis.

PDK4 cardiac-specific conditional knockout mouse was generated by breeding with Mer-Cre-Mer (MCM)
mice. PDK4 knockout f/f MCM mice were injected intraperitoneally with tamoxifen (1mg/ml) for 5 days, and
then mice were sacrificed at 4 weeks later. Adult cardiomyocyte was isolated from the heart, and then
protein and RNA were extracted. From western blot and gPCR analysis, PDK4 protein and RNA were
eliminated, and PDH phosphorylation was decreased in PDK4 knockouts (KO) compared to wild-type (WT)
mice. However, mitochondria oxidative phosphorylation (OXPHOS) complex proteins have not changed in
PDK4 KO cardiomyocytes. In addition, we infected with 108 PFU CVB3 for 1 hour and then obtained RNA to
analyze the mitochondrial gene changes. We identified NPPA, Opal, PGC1-a, Drpl, Mfn1, and Mfn2. There
were no significant changes between WT and PDK4 KO.

Our study successfully generated PDK4 knockout mice, providing compelling evidence for the elimination
effects of PDK4. In the future, we should further explore the underlying mechanisms of PDK4 to protect
mitochondrial function in cardiac inflammation.
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Phylodynamics Under Surveillance: Estimating
Epidemic Size of Highly Infectious Diseases

Dae sung Yoo'", Yeonsu Oh?, Ho-Seong Cho®

College of Veterinary Medicine, Chonnam National University, Gwangju, South Korea, *College of
Veterinary Medicine and Institute of Veterinary Science, Kangwon National University, Chuncheon 24341,
Korea, *College of Veterinary Medicine and Bio-safety Research Institute, Jeonbuk National University, Iksan
54596, Korea

In the context of animal infectious diseases such as Lumpy Skin Disease (LSD) and Peste des Petits Ruminants
(PPR), phylodynamics offers several key contributions to estimating epidemic size. First, it enables the
estimation of transmission dynamics, including the basic reproduction number (R0), providing critical
insights into the spread of these diseases. For example, a Bayesian phylodynamic SEIR model can provide
estimates for the number of cumulative infections and the basic reproduction number (R0) at a given time.
Similarly, an exponential growth model, adjusted for high variance in transmission rates, can offer
alternative estimates of cumulative infections. Second, phylodynamics allows for the reconstruction of
epidemic history, including the identification of transmission sources and patterns. Third, it helps identify
the extent of overdispersion in the reproduction number, which can guide targeted control measures.
Fourth, it provides estimates of population size and structure, reflecting changes in the number of
susceptible hosts or shifts in disease dynamics. Lastly, phylodynamic methods can estimate the unobserved
burden of disease, including asymptomatic or subclinical cases that are often overlooked in traditional
surveillance systems.

This study explores the potential application of phylodynamic analysis in estimating the epidemic size of LSD
and PPR. By examining genetic sequences and integrating them with epidemiological data, we aim to
provide a comprehensive overview of the spread and impact of these diseases. The findings highlight the
potential of phylodynamics as a valuable tool for disease management and control in animal populations,
offering a realistic range of estimates and actionable insights. This work was supported by Korea Institute of
Planning and Evaluation for Technology in Food, Agriculture and Forestry (IPET) through High-Risk Animal
infectious Disease Control Technology Development Program, funded by Ministry of Agriculture, Food and
Rural Affairs(MAFRA)(grant number: RS-2024-00399814)
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Molecular characterization of feline panleukopenia
virus, calicivirus, and herpesvirus circulating in
Korean cat population

Dong-Kun Yang

Viral Disease Division, Animal and Plant Quarantine Agency, MAFRA, Gimcheon, 39660, Republic of Korea

Feline panleukopenia virus (FPV), feline calicivirus (FCV), and feline herpesvirus type 1 (FHV-1) are major
infectious viral pathogens in cats. Of the 204 confirmed cases since 2015, the numbers of diagnoses for FPV,
feline infectious peritonitis virus, feline corona virus, feline influenza virus, and FHV-1 were 156, 32, 12, 3,
and 1 case, respectively. Eight isolates propagated in CRFK cells were confirmed to be FPVs. All isolates
yielded viral titers ranging from 10** to 10%° TCIDso/mL 5 days after inoculation into CRFK cells and exhibited
hemagglutination titers ranging from 2’ to 22 using pig erythrocytes. The Korean FPV isolates grew well in
cat cells such as CRFK and Fcwf4 cells. The FPV isolates were most similar to the KS42 strain isolated from a
Korean cat in 2008. Five viruses propagated in CRFK cells were confirmed to be FCVs. The FCV17D283 isolate
showed the highest viral titer of 10 " TCIDso/mL at 36 h post-inoculation. Korean FCV isolates did not grow
well in Vero, BHK-21, A72, or MDCK cells. The FCV17D03 and FCV17D283 isolates had the highest genetic
similarity (80.1% and 86.9%) with the UTCVM-H1 and 14Q315 strains, which were isolated in the United
States and South Korea in 1995 and 2014, respectively. Two isolates were confirmed as FHV-1 and they
showed the highest viral titer ranging from 10%3 to 10%° TCIDso/mL in the CRFK cells at 48 h after inoculation,
but did not grow in MDCK and Vero cells. The nucleotide and amino acid sequences of the full TK and gB gene
of FHV191071 and FHV191072 isolates were determined and compared with those of other herpesvirus
strains. Two isolates possessed the same nucleotide sequences belonging to FHV-1 group and had the
highest similarity (99.9%) with the KANS-02 strain, which was isolated from shelter in USA in 2016. The most
frequently detected virus in cats was FPV. Therefore, preventive measures against FPV in cats are required.
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Virus-Induced Host Lipolysis: A Novel Therapeutic
Target for Control of Broad-RNA Virus Infections

Yeong-Bin Baek', Hyung-Jun Kwon?, Muhammad Sharif!, Jeongah Lim?, In-Chul Lee?, Young Bae
Ryu?, Jae-In Lee?, Ji-Sun Kim”, Young-Seung Lee’, Dong-Hoon Kim®, Sang-lk Park®, Don-Kyu Kim’,
Jeong-Sun Kim?, Hyon E. Choy®, Sunwoo Lee®, Hueng-Sik Choi’, Timothy F. Osborne®, Tae-Il Jeon”,
Kyoung-Oh Cho®"

!Department of Veterinary Pathology, College of Veterinary Medicine, Chonnam National University,
Gwangju 61186, Republic of Korea, *Functional Biomaterial Research Center, Korea Research Institute of
Bioscience & Biotechnology, Jeongeup-si, Jeollabuk-do 56212, Republic of Korea, *Department of
Chemistry, Chonnam National University, Gwangju 61186, Republic of Korea, *Korean Collection for Type
Cultures, Korea Research Institute of Bioscience & Biotechnology, Jeongeup-si, Jeollabuk-do 56212,
Republic of Korea, *Department of Animal Science, Chonnam National University, Gwangju 61186, Republic
of Korea, ®Department of Pharmacology, Korea University College of Medicine, Seoul 02841, Republic of
Korea, 'Department of Integrative Food, Bioscience and Biotechnology, Chonnam National University,
Gwangju 61186, Republic of Korea, ®Department of Microbiology, Chonnam National University Medical
School, Gwangju 61486, Republic of Korea, °School of Biological Sciences and Technology, Chonnam
National University, Gwangju 61186, Republic of Korea, “Institute for Fundamental Biomedical Research,
Department of Medicine and Biological Chemistry, Johns Hopkins University School of Medicine, St.
Petersburg, FL 33701, USA

*These authors contributed equally: Yeong-Bin Baek, Hyung-Jun Kwon

The biosynthesis of host lipids and/or lipid droplets (LDs) has been studied extensively as a putative
therapeutic target in diverse viral infections. However, directly targeting the LD lipolytic catabolism in
virus-infected cells has not been widely investigated. Here, we show the linkage of the LD-associated lipase
activation to the breakdown of LDs for the generation of free fatty acids (FFAs) at the late stage of diverse
RNA viral infections, which represents a broad-spectrum antiviral target. Dysfunction of membrane
transporter systems due to virus-induced cell injury results in intracellular malnutrition at the late stage of
infection, thereby making the virus more dependent on the FFAs generated from LD storage for viral
morphogenesis and as a source of energy. The replication of SARS-CoV-2 and influenza A virus (IAV), which
is suppressed by the treatment with LD-associated lipases inhibitors, is rescued by supplementation with
FFAs. The administration of lipase inhibitors, either individually or in a combination with virus-targeting
drugs, protects mice from lethal 1AV infection and mitigates severe lung lesions in SARS-CoV-2-infected
hamsters. Moreover, the lipase inhibitors significantly reduce proinflammatory cytokine levels in the lungs
of SARS-CoV-2- and IAV-challenged animals, a cause of a cytokine storm important for the critical infection
or mortality of COVID-19 and IAV patients. In conclusion, the results reveal that lipase-mediated
intracellular LD lipolysis is commonly exploited to facilitate RNA virus replication and furthermore suggest
that pharmacological inhibitors of LD-associated lipases could be used to curb current COVID-19- and future
pandemic outbreaks of potentially troublesome RNA virus infection in humans.

This work was supported by grants from the Basic Science Research Program (RS-2024-00342230) through
the National Research Foundation of Korea, which are funded by the Ministry of Science, ICT and Future
Planning, Republic of Korea. Additionally, it was supported by "Regional Innovation Strategy (RIS)" through
the National Research Foundation of Korea (NRF) funded by the Ministry of Education (MOE) (2021RIS-002).
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Evaluation of Live-Attenuated Foot-and-Mouth
Disease Vaccine Strains in Susceptible Animals

Seong Yun Hwang™?, Seo-Yong Lee’, Yujin Ahn*, Sung-Ho Shin?, Sung-Han Park®, Min Ja Lee?,
Su-Mi Kim®, Jong-Soo Lee?, Jong-Hyeon Park®"

ICenter for Foot-and-Mouth Disease Vaccine Research, Animal and Plant Quarantine Agency, Republic of
Korea, 2College of Veterinary Medicine, Chungnam National University

Foot-and-mouth disease (FMD) is a highly contagious viral disease affecting cloven-hoofed animals, animals
such as cattle, pigs, and goats causing severe economic losses in the livestock industry worldwide. Despite
extensive control measures with inactivated vaccine, outbreaks continue to occur, highlighting the need for
more effective vaccines. The development of live attenuated vaccines for FMD presents several challenges.
The primary difficulty lies in achieving a balance between attenuation and immunogenicity; the virus must
be attenuated sufficiently to prevent disease but still capable of eliciting a strong immune response.
Developing new attenuated strains of the FMD virus is crucial for effective vaccination. We designed that
these vaccine strains were modified to provide broad protection against virus challenge and be safe for pig,
goat and cattle. The genetic engineering using the three methods (mutation, replacement and
deoptimization) are key to designing viruses that meet these criteria, reducing the risk of reversion to
virulence and enhancing immunogenicity.

These innovations are expected to produce safer and more effective vaccines, potentially leading to the
eradication of FMD. Live attenuated vaccines could significantly enhance global FMD control programs,
reducing economic losses and improving animal health and welfare.
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Infection Status and Genetic Characterization of
Porcine Respiratory Coronavirus in Current Korean
Pig Farms

Hye-Ryung Kim®, Ju-Han Kim®?, Jonghyun Park®, Dong-Kyu Lee’, Won-Il Kim*, Young S. Lyoo?,
Choi-Kyu Park®’

Ynstitute for Veterinary Biomedical Science, College of Veterinary Medicine, Kyungpook National
University, Daegu 41566, Republic of Korea, “College of Veterinary Medicine, Konkuk University, Seoul
05029, Republic of Korea, *Swine Medical Corporation, Sunjin Bridge Lab, Icheon 17332, Republic of Korea,
*College of Veterinary Medicine, Jeonbuk National University, lksan 54596, Republic of Korea

Porcine respiratory coronavirus (PRCV) is currently classified as Alphacoronavirus 1 in the genus
Alphacoronavirus of the family Coronaviridae. PRCV was first identified in Belgium in 1984 and was
confirmed to be a spike-gene-deletion mutant of transmissible gastroenteritis virus (TGEV). As a variant of
TGEV, the genome of PRCV is similar to that of the parental TGEV but is distinguished by a large deletion in
the spike gene. The mutation in the S gene altered its tissue tropism and virulence, causing PRCV to infect
respiratory tracts, unlike TGEV, which infects enteric organs. A few studies have been conducted on the
prevalence of PRCV since its first identification in 1997, but there have been no recent studies on the
prevalence and genetic characterization of the virus in Korea. In this study, the seroprevalence of PRCV was
determined in Korean pig farms using a commercially available TGEV/PRCV differential enzyme-linked
immunosorbent assay kit. The farm-level seroprevalence of PRCV was determined to be 68.6% (48/70),
similar to previous reports in Korea, suggesting that PRCV is still circulating in Korean pig herds nationwide.
Among the 20 PRCV-seropositive farms tested in this study, PRCV RNAs were detected in 17 oral fluid
samples (28.3%) from nine farms (45.0%), while TGEV RNAs were not detected in any sample. To investigate
the genetic characteristics of Korean PRCV strains, genetic and phylogenetic analyses were conducted on
PRCV spike gene sequences obtained in this study. Three sequences of KPRCV2401 and KPRCV2402 strains
derived from the same farm were 100% identical to each other but differed from the sequence of the
KPRCV2403 strain derived from a different farm with 98.5% identity, suggesting that genetically different
PRCV strains coexist in Korea. These Korean PRCV strains (KPRCV2401, KPRCV2402, and KPRCV2403) shared
96.2-96.6% and 91.6-94.5% homology with European and American strains, respectively. A 224-amino acid
deletion was found in the S gene of both Korean and European PRCVs but not in that of American PRCVs,
suggesting a European origin for Korean PRCVs. Phylogenetic analysis showed that Korean PRCVs are more
closely related to European PRCVs than American PRCVs but clustered apart from both, suggesting that
Korean PRCV has evolved independently since its emergence in Korean PRCVs. Based on the high prevalence
of PRCV identified in this study, continuous monitoring and surveillance are needed to elucidate its role in
the pathogenesis of PRDC in Korea. The findings of this study will enhance our understanding of the
epidemiology and molecular biology of PRCV currently circulating in Korea.
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Impact of African Swine Fever Vaccine Candidates on
Fecal Microbiota and Immune Response in Pigs
Challenged with the Virulent Korean Paju Strain:

Is Microbiota Key to Inducing a Successful Immune
Response?

Young-Seung Ko', Sung-Hyun Moon®, Taek Geun Lee’, Da-Yun Bae’, Yun-Chae Cho', Dongseob Tari?,
Yeonsu Oh*’, Ho-Seong Cho”

!Bio-Safety Research Institute and College of Veterinary Medicine, Jeonbuk National University, lksan
54596, Republic of Korea, 2Laboratory for Infectious Disease Prevention, Korea Zoonosis Research Institute,
Jeonbuk National University, lksan 54531, Republic of Korea, *College of Veterinary Medicine and Institute
of Veterinary Science, Kangwon National University, Chuncheon 24341, Republic of Korea.

Gut microbiota plays a crucial role in the induction, training and function of the host immune system.
Investigating the gut microbiota of pigs protected by an African swine fever virus (ASFV) vaccine provides
insights into gut-immunity axes, implying key mechanisms of vaccine efficacy. The purpose of this study was
to analyze the role of the gut microbiome in defense against the highly virulent Korean Paju strain in
evaluating the efficacy of an ASF attenuated live vaccine candidate. We performed 16S rRNA V4 region
amplicon sequencing on daily fecal DNA from 15 pigs in 3 groups (full-efficacy vaccine A: n=4, impaired
vaccines B and C: n=8, mock: n=3) using the Illumina iSeq platform. Data were analyzed with Qiime2, the
Silva database, PICRUSt2, and the KEGG pathway database. All pigs in Group A survived without clinical signs,
while those in Groups B, C and the mock group died within 14 days post-challenge (dpc). During the first
week, no significant differences in alpha and beta diversity were observed between Group A and the other
groups. Compositional analysis revealed that virulent ASFV increased Campylobacterota, Proteobacteria,
and Spirochaetota in the gut microbiota of all groups by 7 dpc. However, by 9 dpc, only Group A showed
remarkable microbiota recovery, similar to its pre-challenge state. LEfSe analysis identified Lactobacillus
and Prevotellaceae as key contributors to this recovery. Additionally, 27 correlated taxa were found through
Pearson correlation analysis. Gut microbiota appears to reflect the vaccine-induced immune response
following virulent ASFV challenge. Surprisingly, Group A, despite exhibiting dysbiosis at 7 dpc, recovered
spectacularly to pre-challenge conditions by 9 dpc and survived. This result may be due to delayed B and/or
T cell immunity by the vaccine. It is intriguing that the gut microbiota fully recovered within just two days
during vaccine-induced immunity. Moreover, since Lactobacillus and Prevotellaceae are often linked to
enhanced vaccine responses, they hold potential for improving incomplete ASF vaccine development.

[Acknowledgements] This work was supported by Korea Institute of Planning and Evaluation for Technology
in Food, Agriculture and Forestry (IPET) through High-Risk Animal Infectious Disease Control Technology
Development Project, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) (RS-2024-
00400522).
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Optimization of immunogenicity and efficacy
evaluation of candidates for the chikungunya virus
vaccine

Eun Bee Choi, Seungyeon Kim, Kwangwook Kim, Seo Young Moon, Ouh In-Ohk, Yookyoung Lee, Hegji

Lim

Division of Vaccine Development Coordination, Center for Vaccine Research, National Institute of Infectious
Diseases, National Institute of Health, Korea Disease Control and Prevention Agency, Cheongju, Republic of
Korea

Chikungunya fever is a mosquito-borne infectious disease caused by the chikungunya virus (CHIKV). In
recent years, CHIKV infection has raised public health concerns owing to the increasing number of cases
worldwide and the associated co-morbidities. CHIKV was first discovered in Tanzania in 1952, and it had
sporadic outbreaks in Africa and Asia, spreading rapidly worldwide in 2004, causing massive outbreaks. It is
a biosafety level 3 virus and one of the deadliest pathogens, causing chikungunya fever when bitten by
mosquitoes infected with the virus. It is a major pathogen that requires pandemic preparedness. CHIKV is an
enveloped, positive-sense, single-stranded RNA virus belonging to the togaviridae family of alphaviruses.
The CHIKV genome encodes four non-structural polyproteins (nsP1-4) and one structural polyprotein
(capsid, envelope 3, envelope 2, 6 K, and envelope 1). Previous studies have shown that N-linked glycans in
viral proteins play important roles in regulating immune responses. The CHIKV E1 protein has one N-linked
glycosylation site at N141, and the E2 protein has two glycosylation sites at N263 and N345. Accordingly, in
this study, we designed CHIKV DNA vaccine candidates with mutated N-glycosylation sites in the full-length
E and E I/ll proteins. Additionally, we designed recombinant protein vaccine antigens with increased
production efficiency by considering the characteristics of the CHIKV structural protein.

Overall, we confirmed an effective immune response to a CHIKV vaccine candidate in C57BL/6 mice. In
addition, we have established various efficacy evaluation methods to analyze the immunogenicity of CHIKV
vaccines, and plan to use them not only for the development of vaccine candidates but also for private
support for infectious disease vaccine efficacy evaluation.
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Development and serological application of a FMD
Virus-like Particles system capable of vaccine
evaluation

Hyejin Kim, Giyoun Cho, Dong-Wan Kim, Ji-Hyeon Hwang, Yoon-Hee Lee, Jong-Hyeon Park,
Sung-Han Park’

Center for Foot-and-Mouth Disease Vaccine Research, Animal and Plant Quarantine Agency, Republic of
Korea

Foot-and-mouth disease virus (FMDV) is a highly contagious virus that affects cloven-hoofed animals and
causes severe economic losses in the livestock industry. Given that this high-risk pathogen has to be handled
in a biosafety level (BSL)-3 facility for safety reasons and the limited capacity of BSL-3 laboratories,
experiments on live FMDV cannot be conducted easilty. We aimed to develop an FMDV experimental model
that can be handled in BSL-2 laboratories. The NanoBiT luciferase (Nano-luc) assay is a well-known assay for
studying protein—protein interactions. To apply the NanoBiT split luciferase assay to the evaluation of
FMDV, we developed an HiBiT-tagged FMD virus-like particles, a recombinant FMDV with HiBiT attached to
the P1 region using mammalian cell expression system. A neutralizing assay was established base
HiBiT-tagged FMD-pseudovirus(HiBiT-FMD) and LgBiT-expressing LF-BK cells(LgBiT-LF-BK). Using FMD
vaccine sera panels, neutralizing assay showed good sensitivity, reproducibility and a reliable correlation
with the live virus neutralizing assay. In conclusion, we have established a HiBiT-FMD system providing a
foundation for neutralizing antibody detection, antibody screening and vaccine development. In addition,
this system can be used safely as a diagnostic tool in a BSL-2 laboratory.
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Human SFTS

Sung-Han Kim

ASAN Medical Center
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Vaccine development of Dabie bandavirus in dogs

Kang Jun-Gu

Korea Zoonosis Research Institute, Jeonbuk National University, Iksan, Jeollabuk-do 54531, Republic of
Korea

Severe fever with thrombocytopenia syndrome (SFTS) is a highly fatal disease. The causative agent of the
disease, Dabie bandavirus (DBV), is commonly known as SFTS virus. While the transmission of DBV from
vertebrates to humans remains ambiguous, there exists verifying evidence implicating dogs as potential
transmitters of the virus to humans. Therefore, it is crucial to develop preventive measure against DBV in
dogs. In this study, dogs were immunized three times at two-week intervals with formaldehyde-inactivated
DBV with two types of adjuvants. DBV was injected into all dogs two weeks after the final immunization. To
assess the protective efficacy of our vaccine against DBV, blood samples were collected from all dogs
infected with DBV at 2, 4, 7, 10, and 14 dpi. Viral copy numbers showed high titers in control group until 4
days post infection (dpi). Control dogs exhibited viremia from 2 to 4 dpi, and displayed white pulp atrophy
in the spleen, along with a high level of terminal deoxynucleotidyl transferase-mediated dUTP nick-end
labelling assay (TUNEL) positive area. Though, the inactivated DBV vaccine groups exhibited rare
pathological changes and significantly reduced TUNEL positive areas in the spleen. Moreover, DBV viral
loads were not detected at any of the tested dpi. The results indicate that both adjuvants can be safely used
in combination with an inactivated DBV formulation to induce strong neutralizing antibodies. Inactivated
DBV vaccines effectively prevent pathogenicity and viremia in dogs infected with DBV. Consequently, our
study highlighted the potential of inactivated DBV vaccination as an effective strategy for controlling DBV in
dogs.
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Development of a Dengue Hemorrhagic Fever
Animal Model Using IFNAR2 Knockout Pig

Myung-Shin Lee

Department of Microbiology and Immunology, Eulji University School of Medicine

Dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) are severe complications of dengue
virus (DENV) infection, and the lack of suitable animal models has hindered the understanding of their
pathogenesis and the development of effective therapies. In this study, we aimed to develop a porcine
model of DHF and DSS using IFNAR2 knockout (KO) pigs. IFNAR2 KO pigs were generated by somatic cell
nuclear transfer and CRISPR/Cas9 technology, and KO was confirmed by T7E1 assay and whole genome
sequencing. IFNAR2 KO pigs and wild-type conventional pigs were challenged with DENV4 KP406806 and
monitored for clinical signs, viral load and cytokine production. IFNAR2 KO pigs exhibited more severe
symptoms compared to conventional pigs, including weight loss, high fever and mortality. A dead IFNAR2 KO
pig within one week of challenge with DENV showed hemorrhages in vital organs, particularly in the small
intestine, and prominent infiltration of DENV-infected macrophages in various tissues. In addition, the dead
IFNAR2 KO pig infected with DENV had elevated levels of inflammatory cytokines and interferons, as well as
blood chemistry changes indicative of liver and kidney damage. Our results suggest that IFNAR2 KO pigs may
serve as a suitable animal model for DHF, recapitulating key features of the human disease such as
hemorrhage, virus-infected macrophage infiltration, and increased inflammatory cytokine production. This
model could contribute to a better understanding of the pathogenesis of DHF and facilitate the
development of effective prevention and treatment strategies.
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Habitat of Anopheles mosquitoes in the two study
areas in South Korea

Seon-Ju Yeo

Department of Tropical Medicine and Parasitology, Medical Research Center, Institute of Endemic Diseases,
College of Medicine, Seoul National University, Seoul 03080, Republic of Korea

Background: Malaria is still endemic in South Korea. However, limited information is available on the current
Anopheles breeding sites and the occurrence of insecticide resistance-associated genetic mutations and
their distribution needed to control the malaria vector efficiently.

Methods: This study explored breeding sites of Anopheline adults in Gimpo-si near the demilitarized zone
(DMZ) in Gyeonggi-do province, South Korea, from 2022 to 2023. We investigated genetic diversity based on
the internal transcribed spacer (ITS2), cytochrome c oxidase subunit | (COI), and knockdown resistance (kdr)
genes of Anopheles mosquitoes. A natural environment associated with the seasonal abundance of
Anopheles larvae was characterized.

Results: Two breeding sites of Anopheles larvae and adults were found at a stream margin or shallow
freshwater near the forest in Wolgot-myeon in Gimpo-si without cattle shed within 1 km and in
Naega-myeon in Kanghwa-gun with cow shed within 100 m in 2022 and 2023, respectively. Both sites were
located between the newly cultivated lands and the forest. Besides, both breeding sites were in the valley
at a slight elevation of 60-70 m from ground lands and maintained the shadow all day.

Overall, the Wolgot-myeon breeding site showed various Anopheles spp. larvae, including An. sinensis.
Naega-myeon, an additional breeding site found in 2023, had An. sineroides larvae, and approximately
59.7% (89/149) of An. sinensis adults inhabited within a 100-meter distance. The total collection, including
larvae and adults, revealed that An. sinensis, An. pullus, An. kleini, An. sineroides, An. belenrae, and An.
lindesayi accounted for 44.2 % (118/267), 0.7% (2/267), 0.7 % (2/267), 22.1 % (59/267), 1.9 % (5/267), and
30.3 % (81/267)), respectively.

Furthermore, we identified various kdr mutant genotypes (F/F, C/C, L/F, L/Cand F/C) in An. sinensis and the
first kdr allele mutant (L/F1014) in An. belenrae in South Korea.

Conclusions: We studied two breeding sites of Anopheles larvae in Wolgot-myeon and Naega-myeon.
Various Anopheles spp. larvae were detected in both habitats, but overall, An. sinensis was the most
prevalent adults in both study sites. We reported the occurrence of kdr allele mutant of An. belenrae in
South Korea for the first time. Rigorous larvae monitoring of Anopheles spp., continuously updating
information on Anopheles breeding sites, and understanding the environmental conditions of Anopheles
habitats are requested for developing an effective malaria control program in South Korea.

64 _ 2024.8.22-24



The Korean Society of Virology

&

E——

Molecular Characterization and Genomic
Surveillance of Hantaan orthohantavirus using
Next-Generation Sequencing: Comparative Analysis
of [llumina and Nanopore Sequencing Approaches

Kyungmin Park™?, Seung-Ho Lee?, Jongwoo Kim"?, Juyoung Noh'?, Seong-Gyu Kim"?, Hee-Kyung
Cho™?, Jingyeong Lee”’, Geum-Young Lee’, Seungchan Cho, Seung Ho Lee?, Kkothanahreum Park?,
Jin Sun No>, Shailesh Budhathoki®, Yu-Jin Kim’, Young-Su Kim?, Heung-Chul Kim®, Terry A. Klein®,
Won-Keun Kim®®, Jin-Won Song"**

!Department of Microbiology, Korea University College of Medicine, Seoul, Republic of Korea, BK21 Graduate
Program, Department of Biomedical Sciences, Korea University College of Medicine, Seoul, Republic of Korea,
*Chem-Bio Technology Center, Agency for Defense Development, Daejeon, Republic of Korea, *Preventive
Medical Affairs Branch, Preventive Medicine Department, Armed Forces Medical Command, Seongnam,
Republic of Korea, ®Division of High-Risk Pathogens, Bureau of Infectious Diseases Diagnosis Control, Korea
Disease Control and Prevention Agency, Cheongju, Republic of Korea,’Department of Microbiology, College of
Medicine, Hallym University, Chuncheon, Republic of Korea, 'Department of Preventive Medicine, Army
Headquarters, Gyeryong, Republic of Korea, 3Gangwon Institute of Health and Environment, Infectious
Disease Research Department, Chuncheon, Republic of Korea, °Force Health Protection and Preventive
Medicine, MEDDAC-Korea, 65th Medical Brigade, Unit 15281, APO AP 96271-5281, USA, “Institute of Medical
Research, College of Medicine, Hallym University, Chuncheon, Republic of Korea

The rapid and precise generation of complete-genome sequence data is crucial for the identification and
characterization of emerging viruses. The nanopore-based MinlON device, a palm-sized portable
sequencer, enables real-time sequencing in field settings or hospitals. Hantaan orthohantavirus (HTNV),
carried by Apodemus agrarius, is the causative agent of hemorrhagic fever with renal syndrome (HFRS) and
poses a significant public health threat globally. In the Republic of Korea (ROK), around 400 HFRS cases are
reported annually, with case fatality rates ranging from less than 1% to 4%.

This study aimed to evaluate the feasibility of using a nanopore-based platform for whole-genome
sequencing of HTNV from samples with varying viral copy numbers. We utilized multiplex polymerase chain
reaction (PCR)-based sequencing on both the Oxford Nanopore Technologies MinlON and the lllumina
MiSeq platforms using lung tissues from A. agrarius captured in the Gyeonggi and Gangwon Provinces, ROK.
The HTNV genome sequences were analyzed according to the viral RNA copy numbers. Phylogenetic
analyses were conducted to elucidate the geographic distribution and genetic diversity of the virus.
Multiplex PCR-based nanopore sequencing produced nearly full-length genomic sequences of HTNV and
demonstrated sufficient read depth for phylogenetic analysis after 8 hours of sequencing. The average
number of single-base indels (insertions and deletions) in homopolymer regions was 3.8 for the L segment,
4.4 for the M segment, and 1 for the S segment. The mean homology of HTNV genomic sequences obtained
using the nanopore technology compared to those generated from the lllumina MiSeq platform showed
99.8% (L and M segments) and 99.7% (S segment) identities, respectively.

This study demonstrates that multiplex PCR-based nanopore sequencing provides rapid and accurate
genomic sequences of HTNV, facilitating the identification of infectious sources and their phylogenetic
diversity. These findings suggest the potential application of nanopore sequencing for rapid analyses of
HTNV from clinical and animal specimens in the field during endemic outbreaks. This report provides
valuable insights into nanopore sequencing for genomic-based diagnosis and control strategies for
hantavirus outbreaks in highly HFRS-endemic areas.
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Dysregulated Hematopoiesis Drives Hematological
Abnormalities in Severe Fever with Thrombocytopenia
Syndrome

Kyeongseok Jeon?, Hyo-Jin Ro™?, Joowan Kim™?, Yuri Kim">*?, Yeon-Sook Kim*,
Nam-Hyuk Cho***>®

!Department of Microbiology and Immunology, Seoul National University College of Medicine, Seoul, Republic
of Korea, >Department of Biomedical Sciences, Seoul National University College of Medicine, Seoul, Republic
of Korea, *Institute of Endemic Disease, Seoul National University Medical Research Center, Seoul, Republic of
Korea, “Department of Internal Medicine, Chungnam National University School of Medicine, Daejon, Republic
of Korea, *Seoul National University Bundang Hospital, Seongnam, Gyeonggi-do, Republic of Korea65Wide
River Institute of Immunology, Seoul National University, Hongcheon, Gangwon-do, Republic of Korea

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease characterized by a
high fatality rate. The poor prognosis of SFTS has been strongly linked to hematological abnormalities such
as leukopenia, lymphopenia, and thrombocytopenia. However, the specific mechanisms regulatingimmune
cells and their contribution to the pathogenesis of SFTS remain unclear. In this study, we demonstrate that
the single-cell landscape of the bone marrow microenvironment is reprogrammed by inflammation in SFTS,
with bone marrow hematopoietic stem and progenitor cells (HSPCs) skewed towards the myeloid lineage.
This shift is accompanied by an increase in CD14"'CD16" monocytes and IgG+ B cells in SFTS patients. Lineage
tracing in an IFNAR1 antibody-treated mouse model of SFTS reveals significant bone marrow myelopoiesis,
marked by increased granulocyte-macrophage progenitors (GMP), decreased common lymphoid
progenitors (CLP), and decreased megakaryocyte-erythroid progenitors (MEP), correlating with disease
severity. Additionally, we found that SFTSV-infected IgG" B cells preferentially migrate into the bone marrow
compartment, accelerating myelopoiesis through the expression of pro-inflammatory cytokines. Our
findings collectively suggest that the hematological abnormalities observed in SFTS are driven by
dysregulated hematopoiesis.
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A DENV vaccine candidate using multivalent mosaic
nanoparticles of different serotypes of dengue virus
prM-E induces a potent neutralizing antibody
response

Yeong Jun Kim®, Sae Hae Choi?, Seokbeom Roh?, Gyudo Lee!, Young Ki Choi®, Won-Kyu Lee?,
Hye-Ra Lee®”

!Department of Biotechnology and Bioinformatics, College of Science and Technology, Korea University,
Sejong, Republic of Korea, *Al-Structural Design Team, Osong Medical Innovation Foundation, Cheong-ju,
Republic of Korea, *Center for Study of Emerging and Re-emerging Viruses, Korea Virus Research Institute,
Daejeon, Republic of Korea

Dengue virus (DENV), encompassing four distinct serotypes (DENV1, DENV2, DENV3, DENV4), affects
approximately 390 million people annually, with around 96 million manifesting clinical symptoms ranging
from mild dengue fever to severe dengue hemorrhagic fever. Since DENV is transmitted by reservoir
mosquitoes, predicting secondary infections is challenging underscoring the necessity of effective
prevention methods. In this study, we introduce a novel mosaic nanoparticle-based vaccine candidate
displaying multiple DENV E and prM proteins of all four serotypes. The efficacy of our vaccine candidate was
validated in AG-129 mouse models, demonstrating significant immunogenicity and a strong neutralizing
antibody response across all serotypes. Notably, by adjusting the antigen ratio of each serotype, we were
able to modulate the serotype-specificimmune response. Our findings suggest that this vaccine candidate
has the potential to provide comprehensive protection against the complex and varied epidemiology of
DENYV infections, paving the way for more effective dengue control and prevention strategies.
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Exploring virus and host interactions to understand
viral latency in oncogenic gammaherpesviruses

Moon Jung Song, Ph.D.

Department of Biotechnology, College of Life Sciences and Biotechnology, Korea University, Seoul 02841,
Republic of Korea

Gammaherpesviruses, including human Epstein-Barr virus (EBV) and murine gammaherpesvirus 68
(MHV-68), establish latent infection in B lymphocytes, which requires elevated NF-xB. While most NOD-like
receptors (NLRs) are predominately expressed by innate immune cells, NLRC3, an inhibitory NLR of immune
signaling, exhibits the highest expression in lymphocytes. However, the role of NLRC3 or any NLRs in B
lymphocytes is completely unknown. This study shows that during latent EBV infection of human B cells,
viral-encoded latent membrane protein 1 (LMP1) decreases NLRC3 transcript. LMP1-induced-NF-xB
activation suppresses the promoter activity of NLRC3 via p65 binding to the promoter. Conversely, NLRC3
inhibits NF-kB activation by promoting the degradation of LMP1 in a proteasome-dependent manner. In
vivo, MHV-68 infection reduces NIrc3 transcripts in splenocytes, and Nlrc3-deficient mice show greater viral
latency than controls. These results reveal a bidirectional regulatory circuit in B lymphocytes, where viral
latent protein LMP1 reduces NLRC3 expression, while NLRC3 disrupts gammaherpesvirus latency, which is
an important step for tumorigenesis.
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Regulation of ORF14 transcription by HP1BP3 in VZV
infection

Woo-Chang Chung, Daegyu Park, Jin-Hyun Ahn’

Department of Microbiology, Sungkyunkwan University School of Medicine, Suwon 16419, Republic of
Korea

G-quadruplex (G4) is a non-canonical nucleic acid structure formed by repetitive guanosine-rich sequences.
G4 structures play important roles in diverse cellular processes, including gene transcription. We recently
showed that G4 formation in the template strand of Varicella-Zoster virus (VZV) ORF14, which encodes
glycoprotein C (gC), suppresses ORF14 transcription and regulates viral cell-to-cell spread. However,
whether G4-mediated suppression of ORF14 transcription is regulated is unclear. This study shows that
heterochromatin protein 1 binding protein 3 (HP1BP3) regulates ORF14 transcription by acting on G4
structures. G4 pull-down assays and spectrometry analysis identified HP1BP3 as a cellular protein that binds
to ORF14 G4s. HP1BP3 increased gC expression at the transcriptional level from the wild-type ORF14 gene
but not from the G4-disrupted mutant (G4m). Chromatin immunoprecipitation assays showed a specific
association of HP1BP3 with the ORF14 G4s during virus infection in MeWo cells. Ectopic expression of
HP1BP3 in MeWo cells enhanced ORF14 transcription during wild-type virus infection but not ORF14(G4m)
virus infection. The V257E mutant HB1BP3 that is defective in HP1 showed a similar activity to the wild-type,
indicating that ORF14 regulation by HP1BP3 is independent of HP1 binding. Knockdown of HP1BP3 by shRNA
increased viral gene expression and infectious virion production; however, the ratio of gC(ORF14)/
gE(ORF68) mRNA levels was significantly reduced by HP1BP3 knockdown, supporting the positive role of
HP1BP3 in ORF14 expression through transcriptional regulation. This inhibitory effect of HP1BP3
knockdown on ORF14 transcription was not evident in ORF14(G4m) mutant virus infection. Our results
demonstrate that HP1BP3 positively regulates gC expression by targeting G4 structures formed in ORF14
and promoting its transcription.
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Varicella Zoster Virus Glycoprotein E Facilitates
PINK1/Parkin-mediated Mitophagy to Evade STING
And MAVS-mediated Antiviral Innate Immunity

Soo-Jin Oh?, Je-Wook Yu?, Jin-Hyun Ahn?, Seok Tae Choi*, Hosun Park®, Jeanho Yun®, Ok Sarah Shin*

'BK21 Graduate Program, Department of Biomedical Sciences, College of Medicine, Korea University Guro
Hospital, Seoul, Republic of Korea, “Department of Microbiology and Immunology, Institute for Immunology
and Immunological Diseases, Yonsei University College of Medicine, Seoul, Republic of Korea, *Department
of Microbiology, Sungkyunkwan University School of Medicine, Suwon, Republic of Korea, “Department of
Microbiology, College of Medicine, Yeungnam University, Daegu, Republic of Korea, *Department of
Translational Biomedical Sciences, Graduate School of Dong-A University, Busan, Republic of Korea.

Viruses have evolved to control mitochondrial quality and content to facilitate viral replication. Mitophagy
is a selective autophagy, in which the damaged or unnecessary mitochondria are removed, and thus
considered an essential mechanism for mitochondrial quality control. Although mitophagy manipulation by
several RNA viruses has recently been reported, the effect of mitophagy regulation by varicella zoster virus
(VZV) remains to be fully determined. In this study, we showed that dynamin-related protein-1 (DRP1)-
mediated mitochondrial fission and subsequent PINK1/Parkin-dependent mitophagy were triggered during
VZV infection, facilitating VZV replication. In addition, VZV glycoprotein E (gE) promoted PINK1/Parkin-
mediated mitophagy by interacting with LC3 and upregulating mitochondrial reactive oxygen species.
Importantly, VZV gE inhibited MAVS oligomerization and STING translocation to disrupt MAVS- and
STING-mediated interferon (IFN) responses, and PINK1/Parkin-mediated mitophagy was required for VZV
gE-mediated inhibition of IFN production. Similarly, carbonyl cyanide m-chlorophenyl hydrazone
(CCCP)-mediated mitophagy induction led to increased VZV replication but attenuated IFN productionin a
three-dimensional human skin organ culture model. Our results provide new insights into the immune
evasion mechanism of VZV gE via PINK1/Parkin-dependent mitophagy.
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Unveiling the Innate Immunity: How Our Immune
System Detects Herpes Simplex Virus-1

Sangloon Lee

Department of Biological Science, Ulsan National Institute of Science and Technology (UNIST), Ulsan, Korea.

Herpes simplex virus type 1 (HSV-1) infection poses a significant global public health challenge, impacting a
considerable portion of the population. Despite available treatments, the persistent nature of HSV-1
infections underscores the necessity for deeper insights into virus—host interactions. The innate immune
response, particularly inflammasome activation, plays a pivotal role in combating viral infections, including
HSV-1. However, the intricate mechanisms governing inflammasome activation by different HSV-1 strains
remain elusive. We hypothesized that variations in AIM2 inflammasome activation among HSV-1 strains are
mediated by distinct viral genetic elements, specifically unique DNA sequences. Our study compared AIM2
inflammasome activation by different HSV-1 strains, revealing robust activation by the HF strain, while
minimal activation was observed with the F and KOS strains. Genomic analysis identified unique poly(T) DNA
sequences exclusive to the HF strain, and targeting these sequences confirmed their critical roles in AIM2
inflammasome activation and host defense (in submission). We also found that AIM2 regulates the innate
immune sensors Pyrin and ZBP1 to drive inflammatory signaling and a form of inflammatory cell death
(PANoptosis) and provide host protection (Nature, 2021). We further identified integrated NLRP3, AIM2,
NLRC4, Pyrin inflammasome activation and assembly drive PANoptosis (Cellular & Molecular Imnmunology,
2023, Trends in Immunology 2024). Overall, our results improve our fundamental understanding of innate
immune responses and HSV-1 pathogenesis by identifying an innate immune sensor-dependent
inflammasome and inflammatory cell death pathway and by defining its contribution to the pathological
and life-threatening inflammation.
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Mechanistic details of Betaherpes Immediate Early

Protein 1 disassembly of Promyelocytic Leukemia
body

Junhyun Park

The Research Institute of Basic Sciences; Seoul National University

Multiple Herpesvirus have evolved ways to compromise the integrity of promyelocytic leukemia (PML)
nuclear body and its components, a crucial step in early viral infection and viral latency. In this work, we
investigated the detailed mechanistic role of Human Cytomegalovirus (HCMV) immediate early protein 1
(IE1) in PML body disassembly. Using Alphafold multimer prediction guided mutagenesis, we identified key
residues of IE1 that are important for its dimerization and PML protein binding. Via in celluo examination of
ectopically expressed IE1 mutant proteins, we find that IE1 binding to PML protein is sufficient to inhibit
multimerization of PML proteins and the dimerization of IE1 proteins assists in this inhibitory process. Finally
with recombinant viruses, we characterize early phenotypes of IE1 mutant viruses during reactivation in
CD34+ cells.
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Efficient CRISPR/Cas9-mediated Knock-in Approach
for Labeling Human Cytomegalovirus Immediate
Early Genes

Kihye Shin™3, Eui Tae Kim*>***

!Department of Microbiology and Immunology, Jeju National University College of Medicine, Jeju, Republic
of Korea, “Department of Biomedicine & Drug Development, Jeju National University Graduate School, Jeju,
Republic of Korea, *Jeju Research Center for Natural Medicine, Jeju National University Core Research
Institute, Jeju, Republic of Korea

Human cytomegalovirus (HCMV), a large DNA virus, poses significant challenges in genetic manipulation due
to its extensive genome size and slow replication rates. The clustered regularly interspaced short
palindromic repeats (CRISPR) and CRISPR-associated protein 9 (Cas9) system has emerged as a promising
tool for viral genome editing. However, knock-in (KI) studies in HCMV remain limited due to low efficiency
and complicated procedures. Here, we present an efficient Kl approach for labeling HCMV immediate early
1 (IE1) and immediate early 2 (IE2) genes with green fluorescent protein (GFP). Our method utilizes an
integrase-deficient lentivirus encoding a payload flanked by homology arms and 'cut sites' to linearize the
repair donor. 'cut-site' exhibited dramatic improvements in HDR efficiency up to 12.8-fold and showed 45%
editing efficiency. This approach enables precise insertion of DNA sequences into the HCMV genome within
three weeks, offering a high-efficiency, low-cost, and labor-saving solution compared to existing methods.
By leveraging homology-directed repair with an integrase-deficient lentivirus, this method provides a
powerful tool for advancing gene therapy and synthetic biology applications. Our findings demonstrate the
feasibility of efficient and precise genome editing in HCMV. In conclusion, our CRISPR/Cas9-mediated Kl
approach offers a rapid and cost-effective solution for labeling HCMV immediate early genes, overcoming
the challenges associated with the viral genome size and replication kinetics. This innovative method
permits the generation of recombinant HCMV for any clinical isolate, where BAC cloning system is
impractical.

76 _ 2024.8.22-24



The Korean Society of Virology

&

E—

Development of a promising HSV-2 mRNA vaccine to
successfully prevent primary and latent HSV-2
infection

Youngran Cho', Chan Woo Lee?, Yu-Sun Lee', Seonghyun Lee’, Subin Youn', Gahyun Roh?,
Dahyeon Ha®, Ayoung Oh?, Jisun Lee®, Hyo-Jung Park’, Hye-Ra Lee?’, Jae-Hwan Nam*"

'Department of Medical and Biological Sciences, The Catholic University of Korea, Bucheon, Gyeonggi-do,
Republic of Korea, 2Department of Biotechnology & Bioinformatics College of Science and Technology Korea
University Sejong Campus, Sejong, Republic of Korea

Herpes Simplex Virus 2 (HSV-2) infection causes genital disease and establishes latent infection, leading to
recurrent disease. Despite decades of research, a vaccine for genital herpes has not yet received approval.
This study presents the development and evaluation of the quadrivalent HSV-2 mRNA vaccine targeting
envelope glycoproteins gB2, gC2, gD2, and gE2. We compared the immunogenicity and protective efficacy
of the quadrivalent vaccine to the single vaccine containing the major antigen gD2. We also assessed lipid
nanoparticle (LNP) formulation methods for the multivalent mRNA vaccine and the range of the target for
the single gD2 mRNA vaccine. The Quadrivalent vaccine demonstrated greater HSV-2 IgG titers (7 days
post-immunization [dpi]: p=0.0005, 14 dpi: p=0.0074) and 50% neutralization titers (7 dpi: p<0.0001)
compared to the single gD2 vaccine. LNP formulation methods had no significant impact on the levels of IgG
and neutralization titers for the quadrivalent vaccine. The full-length gD2 vaccine showed superior
neutralization compared to its C-terminal truncated form (14 dpi: p<0.0001). All immunization groups of
mice survived 100% and effectively prevented dorsal root ganglia (DRG) latency after the HSV-2 challenge.
Particularly, the quadrivalent vaccine induced effector memory CD8+ T cells, which play a role in reducing
recurrent genital diseases, after two vaccinations and the HSV-2 challenge, and enhanced protection of
vaginal tissue compared to the gD2 vaccine. Our findings suggest that the quadrivalent mRNA vaccine
containing gB2, gC2, gD2, and gE2 is a promising candidate for effectively preventing primary and latent
HSV-2 infections.
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Development and Evaluation of Bivalent Vaccine
Candidates against Influenza and COVID-19

Dong Sook Lee’, Heeyeon Kim?, Hasanul Banna®, Md Rezaul Islam Khan?, Jungsang Ryou?, Joo-Yeon
Lee', Jang-Hoon Choi®, Inhwan Hwang?, Sehee Park!

ICenter for Emerging Virus Research, National Institute of Infectious Diseases, Korea National Institute of
Health, Cheongju, Korea, “Division of Vaccine Research, Vaccine Research Center, National Institute of
Infectious Diseases, Korea National Institute of Health, Cheongju, Korea, *Department of Life Science,
Pohang University of Science and Technology, Pohang, Korea

The increasing likelihood of co-infection with influenza and SARS-CoV-2 viruses poses significant public
health risks, necessitating the development of an effective multi-immunity vaccine. We developed a
multi-immunogenic vaccine platform utilizing an influenza vector and bacteria-like particles. The influenza
vector-based vaccine candidate, constructed using the reverse-genetics system, combined eight gene
segments of those from influenza vaccine donor virus including the NS gene harboring SARS-CoV-2 spike
antigen. This candidate demonstrated robust antigen expression, effective growth in cell lines and
embryonated eggs, and induced simultaneous immunogenicity against both viruses with attenuated viral
pathogenicity. Additionally, the bacteria-like particle-based vaccine candidate, produced by combining
trimeric SARS-CoV-2 S protein and influenza HA protein from tobacco leaves (Nicotiana benthamiana) with
inactivated Lactococcus bacteria, showed strong immunogenicity and protective efficacy in a transgenic
mouse model expressing human ACE2. Our findings indicate that this multi-immunogenic vaccine platform
can induce effective immune responses against influenza and SARS-CoV-2, providing a promising strategy to
mitigate co-infection risks and reduce vaccination frequency.
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Insight into the Early Spread of H5N1 in US:
Dynamics of Highly Pathogenic Avian Influenza
Transmission in Wild Birds

Sungsu Youk

Microbiology Laboratory, Department of Medicine, College of Medicine, Chungbuk National University,
Chungbuk, South Korea

Highly pathogenic avian influenza viruses (HPAIVs) of the A/goose/Guangdong/1/1996 H5 clade 2.3.4.4b
lineage continue to cause significant impacts on both domestic and wild bird populations. A comprehensive
full-genome sequence analysis of 1,369 H5N1 HPAIVs detected in the United States across wild birds,
commercial poultry, and backyard flocks from December 2021 to April 2022, revealed three
phylogenetically distinct introductions of H5N1 viruses into the U.S. by wild birds. Unreassorted Eurasian
genotypes Al and A2 were introduced into the Northeast Atlantic states, while a genetically distinct A3
genotype was detected in Alaska. The Al genotype spread westward through wild bird migration and
subsequently reassorted with North American wild bird avian influenza viruses. These reassortments,
involving up to five internal genes, resulted in the formation of 21 distinct viral clusters, with six genotypes
accounting for 92% of the HPAIVs analyzed. The rapid reassortment of the entirely Eurasian H5N1 virus with
North American wild bird low pathogenic avian influenza viruses appears to have been facilitated not only
by co-infections in known wild waterfowl but also potentially by the involvement of birds of prey. Currently,
the reassortant of concern, genotype B3.13, has been identified as responsible for the ongoing outbreak in
dairy cattle.
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Advancing Influenza B Vaccine: A Path to Better
Effectiveness

Jineui Kim, Jong Hyeon Seok, Jeonghun Kim, Yerin Hong, Kisoon Kim, Man-Seong Park’

Department of Microbiology, the Institute for Viral Diseases, and Vaccine Innovation Center, Korea
University College of Medicine, Seoul 02841, Republic of Korea

Influenza viruses undergo antigenic changes mainly in the hemagglutinin (HA) head domain through
antigenic drift, resulting in the need for seasonal influenza vaccine updates. The effectiveness of seasonal
influenza vaccines varies, ranging from 10% to 60% due to mismatches between the vaccine and circulating
strains. This highlights the need for an advanced influenza vaccine with improved effectiveness against
antigenic variants.

Glycosylation of HA and NA plays a role in virus pathogenicity and immunogenicity. In this study, we have
developed glycosylation-modified mosaic influenza B vaccine candidates, expected to provide broad
protection against Victoria and Yamagata lineage viruses by masking the variable region of HA head that
elicits strain-specific antibodies and exposing conserved regions. In vivo animal studies were conducted to
determine whether the HA glycosylation-modified mosaic influenza B vaccine candidates improve
cross-protection.
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Divalent Oligonucleotides are Bioavailable in the
Lung and Efficiently Block SARS-CoV-2 Infection

Minwook Shin, Jonathan K. Watts™

Assistant Professor, College of Pharmacy, Sookmyung Women’s University

Oligonucleotide therapeutics, including antisense oligonucleotides (ASOs), siRNAs, and aptamers, consist of
DNA, RNA, or chemically modified nucleotides and regulate target RNA molecules via Watson-Crick base
pairing. As a new class of pharmacological modalities with more than 15 drugs approved by the US FDA,
oligonucleotide therapeutics have primarily demonstrated therapeutic effects in the muscles, central
nervous system, and liver. Lung diseases have also been researched in both animal models and human
clinical trials with the hopes of developing therapeutics but have failed to reach approval. Therefore, a series
of studies were conducted to overcome the drawbacks of previous research and suggest new directions for
future development. First, we found lung fibroblasts are the most sensitive cell type for ASOs using
state-of-the-art methods such as flow cytometry and single-cell RNA sequencing. This discovery highlights
the importance of cell-type-specific analysis when developing oligonucleotide therapeutics for the lung and
other target organs. Second, through our systematic screening of hundreds of oligonucleotide sequences,
we identified fully chemically stabilized siRNAs and ASOs that target regions of the SARS-CoV-2 genome to
defeat COVID-19. Furthermore, we successively evaluated candidates in cellular reporter assays, followed
by viral inhibition in cell culture, with the eventual testing of leads for in vivo antiviral activity in the lung.
These studies, taken together, advanced our understanding and will thus aid in developing oligonucleotide
therapeutics in the lung.
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A Novel Role of Epidermal Growth Factor Receptor
(EGFR) in Respiratory Virus Propagation

Hye Jin Shin

Department of Microbiology, Chungnam National University School of Medicine, Daejeon, 35015, Republic
of Korea

Since its discovery in the early 1980s, the epidermal growth factor receptor (EGFR) has emerged as a pivotal
and multifaceted player in elucidating the intricate mechanisms underlying various human diseases and
their associations with cell survival, proliferation, and cellular homeostasis. Recent advancements in
research have underscored the profound and multifaceted role of EGFR in viral infections, highlighting its
involvement in viral entry, replication, and the subversion of host immune responses. EGFR trafficking plays
a pivotal role in virus-host interactions by translocating EGFR into an array of intracellular organelles,
including endosomes, lysosomes, mitochondria, and even the nucleus. Maintenance of mitochondrial
homeostasis and EGFR activity is important for human cell growth. We report that SARS-CoV-2 elevates
mitochondrial bioenergetics and activates the EGFR-mediated cell survival signal cascade and aberrant
mitochondrial dynamics during the early stage of viral infection. SARS-CoV-2 induces mitochondrial EGFR
trafficking, contributing to abnormal OXPHOS processes and viral propagation. RSV infection also maintains
the total cellular ATP levels and promotes the intracellular activity of EGFR, facilitating RSV replication. RSV
activates the intracellular EGFR-mediated cell survival signaling cascade and maintains mitochondrial EGFR
expression for viral production during early events after infection. The approved EGFR inhibitor, vandetanib,
markedly reduces SARS-CoV-2 and RSV propagation, suggesting that EGFR is an attractive host target for
combating respiratory virus infection. Our results suggest that during the early stage of viral infection,
SARS-CoV-2 and RSV maintain cellular ATP levels and promote the activation of EGFR trafficking into
mitochondria, which significantly contributes to robust respiratory virus propagation.
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Packaging signal of SARS-CoV-2

Youngran Park"? Jongmin Lim®, Hyeonggon Cho®, Ahyeon Son'? C. Han Li*?, V. Narry Kim*?,
Young-suk Lee**

ICenter for RNA Research, Institute for Basic Science, Seoul, Republic of Korea, *School of Biological
Sciences, Seoul National University, Seoul, Republic of Korea, *Department of Bio and Brain Engineering,
KAIST, Daejeon, Republic of Korea, “Graduate School of Engineering Biology, KAIST, Daejeon, Republic of
Korea

Genome packaging is one of the major steps in viral particle assembly that is mediated by nucleocapsid (N)
proteins. The N protein is thought to recognize packaging signal sequences in viral genomic RNA, but the
packaging signal of SARS-CoV-2 remains elusive. Here, we employed two complementary CLIP-seq
techniques and mapped 22 regions interacting with SARS-CoV-2 N proteins. Using virus-like particles and
defective-interfering RNAs, we discovered putative packaging elements clustered within the nsp12
polymerase-coding region. By applying synonymous point mutations, we identified RNA sequences critical
for triggering RNA packaging. Introducing these mutations to full-length viral genomes had no impact on
viral RNA synthesis but impaired viral encapsulation and propagation. The SARS-CoV-2 packaging signal
resides in a highly conserved genome region that may serve as therapeutic targets for current and future
coronavirus outbreaks.
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Suppression of HBV transcription and replication by host RNA-binding-protein in HBV infected
cells
Gahee Kim, Yongwook Choi, Yong Kwang Park, Wonhee Hur’, Songmee Bae”

Division of Chronic Viral Disease Research, Center for Emerging Virus Research, Korea National Institute of Health,
Chungbuk, Korea

N6-methyladenosine (m6A) RNA methylation regulates hepatitis Delta virus replication.
Jae-Su Moon?, Geon-Woo Kim?"

ICenter for Rare Disease Therapeutic Technology, Therapeutics & Biotechnology Division, Korea Research Institute of
Chemical Technology (KRICT), Daejeon, Korea, *Department of Microbiology & Molecular Biology, Chungnam National
University, 99 Daehak-ro, Yuseong-gu, Daejeon, Korea
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Gender-specific alteration of steroid metabolism and its impact on viral replication in mouse
model of hepatitis B virus infection
Eun-Sook Park, Juhee Won, Sung Hyun Ahn, Ah Ram Lee, Donghyo Lee, Ju-Yeon Moon, Man Ho Choi’,

Kyun-Hwan Kim®
Department of Precision Medicine, School of Medicine, Sungkyunkwan University, Seoul, Republic of Korea.

Cycloserine, a potential candidate for reducing the HBV cccDNA in vitro
Yongwook Choi*, Gahee Kim, Yong Kwang Park, Wonhee Hur, Gyeong-Hwuii Kim, Songmee Bae

Division of Chronic Viral Disease, Center for Emerging Virus Research, National Institute of Infectious Diseases, National
Institute of Health, Chungbuk, Korea
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Comparative Analysis of the Gut Viral and Bacterial Composition between Wild Bats and Captive
Fruit Bats in Korea

Young-Seung Kol, Taek Geun Leel, Da-Yun Bael, Yun-Chae Chol, Sang-Joon Leez, Sang-Jin Lim3, Sung-Hyun
Moon*, Won-Keun Kim*, Dae-Sung Yoo®, Yeonsu Oh?*, Ho-Seong Cho®’

IBjo-Safety Research Institute and College of Veterinary Medicine, Jeonbuk National University, lksan 54596, Republic of
Korea, *College of Veterinary Medicine and Institute of Veterinary Science, Kangwon National University, Chuncheon 24341,
Republic of Korea, >Division of Forest Science, Kangwon National University, Chuncheon 24341, Republic of Korea,
“Department of Microbiology, College of Medicine, Hallym University, Chuncheon 24252, Republic of Korea, *College of
Veterinary Medicine, Chonnam National University, Gwangju 61186, Republic of Korea.

A triplex real-time quantitative reverse transcription- polymerase chain reaction for simultaneous
and differential detection of Feline calicivirus, Feline herpesvirus 1, and Influenza A virus in cats
Hye-Ryung Kim®, Jonghyun Park®, Jong-Min Kim®, Ji-Su Baek?, Ji-Hoon Park™?, Yeun-Kyung Shin?, Hae-Eun
Kang?, Jung-Hoon Kwon®, Won-Jae Lee', Min Jang’, Sang-Kwon Lee’, Ho-Seong Cho?, Yeonsu Oh*, Oh-Deog
Kwon®", Choi-Kyu Park™”

College of Veterinary Medicine & Institute for Veterinary Biomedical Science, Kyungpook National University, Daegu,
41566, Republic of Korea, Animal and Plant Quarantine Agency, Gimcheon, 39660, Republic of Korea, >College of
Veterinary Medicine and Bio-Safety Research Institute, Jeonbuk National University, lksan 54596, Republic of Korea,

“College of Veterinary Medicine and Institute of Veterinary Science, Kangwon National University, Chuncheon 24341,
Republic of Korea

Assessing post-vaccination seroprevalence and enhancing strategies for lumpy skin disease
vaccination in Korean cattle

Sung-Hyun Moonl, Da-Yun Bael, Taek Geun Leel, Young-Seung Kol, Yun-Chae Chol, Sang-Joon Leez, Woo H.
Kim®, Choi-Kyu Park®, Dae-Sung Yoo®, Yeonsu Oh?’, Ho-Seong Cho®’

!Bio-Safety Research Institute and College of Veterinary Medicine, Jeonbuk National University, Iksan 54596, Republic of Korea,
2College of Veterinary Medicine and Institute of Veterinary Science, Kangwon National University, Chuncheon 24341, Republic
of Korea, *College of Veterinary Medicine & institute of Animal Medicine, Gyeongsang National University, Jinju 52828, Republic

of Korea, *Animal Disease Intervention Center, College of Veterinary Medicine, Kyungpook National University, Daegu 41566,
Korea, *College of Veeterinary Medicine, Chonnam National University, Gwangju 61186, Republic of Korea.

First detection and genetic characterization of Swine orthopneumovirus from pig farms in the
Republic of Korea

Jonghyun Park™?, Hye-Ryung Kim"?, Eon-Bee Lee’, Sang-Kwon Lee®, Won-II Kim?, Young S. Lyoo”, Choi-Kyu
Park’, Bok Kyung Ku®, Hye-Young Jeoung®, Kyoung-Ki Lee®”, Seung-Chun Park*"

ICollege of Veterinary Medicine & Institute for Veterinary Biomedical Science, Kyungpook National University, Daegu 41566,
Republic of Korea, DIVA Bio Incorporation, Daegu, 41519, Republic of Korea, *College of Veterinary Medicine, Jeonbuk
National University, 79 Gobong-ro, Iksan, Jeonbuk, 54596, Republic of Korea, *College of Veterinary Medicine Konkuk

University, 120 Neungdong-ro Gwangjin-gu, Seoul 05029, Re-public of Korea, *Animal and Plant Quarantine Agency,
Gyeongsangbuk-do, Gimcheon 39660, Republic of Korea
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Cytoplasmic tail of SADS-CoV spike protein regulates its subcellular localization
Eun-Song Lee, Jung-Eun Park”
College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea

Genomic Characterization of Lumpy Skin Disease Virus Isolates from Cattle and Giraffe in Vietnam
Taek Geun Lee?, Young-Seung Ko', Taek Geun Lee', Da-Yun Bae’, Yun-Chae Cho', Sang-Joon Lee?,
Sung-Hyun Moon?, Hu Suk Lee®, Won-Keun Kim*, Dae-Sung Yoo®, Yeonsu Oh?’, Ho-Seong Cho'"

IBjo-Safety Research Institute and College of Veterinary Medicine, Jeonbuk National University, lksan 54596, Republic of
Korea, 2College of Veterinary Medicine and Institute of Veterinary Science, Kangwon National University, Chuncheon 24341,
Republic of Korea, >College of Veterinary Medicine, Chungnam National University, Daejoen 34134, Republic of Korea,
“Department of Microbiology, College of Medicine, Hallym University, Chuncheon 24252, Republic of Korea, *College of
Veterinary Medicine, Chonnam National University, Gwangju 61186, Republic of Korea.

Autophagy Mediates CpG-ODN-Induced Survival Improvement in Scrapie-Infected Mice
Mohd Najib Mostafa®?, Byungki Jang?, Myung-Joo Choi?, Hee-Woo Choi?, Hyung-Joo Kwon?, Yong-Sun

Kim?>?, Eun-Kyoung Choi?
IDepartment of Biomedical Gerontology, Graduate School of Hallym University, Chuncheon, Korea, *llsong Institute of Life

Science, Hallym University, Seoul, Korea, >Department of Microbiology, College of Medicine, Hallym University, Chuncheon,
Korea

Isolation of active compounds of Curcuma phaeocaulis Valeton (Zingiberaceae) with anti-prion efficacy.
Jaehyeon Kim, Hakmin Lee, Hye Mi Kim, Sanghoon Byun, Ji Hoon Kim, Sungeun Lee, Chul Young Kim,
Chongsuk Ryou”

Department of Pharmacy, College of Pharmacy and Institute of Pharmaceutical Science and Technology, Hanyang
University, Ansan, Gyeonggi-do, Republic of Korea.

The effect of cellular prion protein ablation in mice behavior

Sanghoon Byun, Sungeun Lee, Hyeri Kim, Yoonjeong Lee, Miryeong Yoo, Jaehyeon Kim, Yoochan Kang,
Hyunjeong Park, Chongsuk Ryou"

Department of Pharmacy, College of Pharmacy and Institute of Pharmaceutical Science and Technology, Hanyang
University, Ansan, Gyeonggi-do, Republic of Korea.
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Amplicon-based Next-generation Sequencing Resolves Molecular Diagnostics and Genomic
Characterization of Severe Fever with Thrombocytopenia Syndrome Virus in Patients

Sara P. Prayitno'", Yeong Geon Cho**", Eun Sil Kim*, Kyungmin Park>®, Seonghyeon Lee?, Augustine
Natasha', Jieun Park’, Shivani Rajoriya®, Bohyeon Kim', Divya Misra', Haryo Seno Pangestu®, Nayeon Jang’,
Jin-Won Song™®, Yang Soo Kim>*, Seung Soon Lee®, Won-Keun Kim*”"

Ipepartment of Microbiology, Hallym University College of Medicine, Chuncheon, the Republic of Korea, *Center for
Antimicrobial Resistance and Microbial Genetics, University of Ulsan College of Medicine, Seoul, the Republic of Korea,
3Asan Institute for Life Science, Asan Medical Center, Seoul, the Republic of Korea, *Division of Infectious Diseases, Asan
Medical Center, University of Ulsan College of Medicine, Seoul, the Republic of Korea, *Department of Microbiology, Korea
University College of Medicine, Seoul, the Republic of Korea, ®BK21 Graduate Program, Biomedical Sciences, Korea
University College of Medicine, Seoul, the Republic of Korea, ’Institute of Medical Science, College of Medicine, Hallym
University, Chuncheon, the Republic of Korea, ®Division of Infectious Diseases, Department of Internal Medicine, Chuncheon
Sacred Heart Hospital, Hallym University College of Medicine, Chuncheon, the Republic of Korea

Genomic Characterization and Zoonotic Potential Prediction of Chikungunya Virus from a Korean
Traveler in Thailand using MinlON Sequencing

Seonghyeon Lee', Seung Soon Lee?", Bohyeon Kim'", Augustine Natasha', Kyungmin Park®*, Taehun Lim’,
Seong-Gyu Kim**, Jae Hwan Byun®, Shivani Rajoriya®, Jieun Park’, Sara Puspareni Prayitno', Woan Lee’,
Jin-Won Song>*, Yeonsu Oh®, Kyu Sung Shin®", and Won-Keun Kim*”"

Department of Microbiology, College of Medicine, Hallym University, Chuncheon, Republic of Korea, °Chuncheon Sacred
Heart Hospital, Hallym University, College of Medicine, Chuncheon, Republic of Korea, >Department of Microbiology,
College of Medicine, Korea University, Seoul, Republic of , “BK21 Graduate Program, Department of Biomedical Sciences,
Korea University College of Medicine, Seoul, Republic of Korea, *Gangwon-do Institute of Health & Environment,
Chuncheon, Republic of Korea, ®College of Veterinary Medicine and Institute of Veterinary Science, Kangwon National
University, Chuncheon, Republic of Korea, ’Institute of Medical Research, College of Medicine, Hallym University,
Chuncheon, Republic of Korea

Generation of rescued Japanese encephalitis virus genotype 1 from infectious full-size clone using
reverse genetics

Sehyun Kim! ™, Min Sun Kim? ™, Aleksandra Nowakowska®, Heejae Choi®, Hee Won Bang®, Young Bong Kim»*,
Hee-Jung Lee®

Ipepartment of Bio-industrial Technologies, Konkuk University, Seoul, 05029, Republic of Korea, *Department of Biological

Sciences, Kongju National University, Chungcheongnam-do, 32588, Republic of Korea, *Department of Biomedical Science
and Engineering, Konkuk University, Seoul, 05029, Republic of Korea
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VirPipe: Virome Analysis Using Nanopore Sequencing and User-Friendly Bioinformatic
Approaches

AR, BRI, o] JE>°, Mi531°, Qe E°, 1593, g, A, 23173, o]’
Balachandran Manavalan’, &2 3% 7] 1158

IApo]E T o] ] et H IR 2 AFofE o] ] gjefil HERFGESF JSFef ¢4, e ryslil o 7S} O] 75}
BK21 Z 2 79 * 7ejrjs}w ofzfgjs} u]FE S & ° o g/ ofslil o/ 7S} n] st &) ° or g oy el o7 rjs) o) 75}
Yalae

N-linked Glycosylation Modifications for a Better Influenza Vaccine in H3N2 Hemagglutinin
Jong Hyeon Seok?, Jineui Kim®, Jeonghun Kim?, Yerin Hong", Joon-Yong Bae', Kisoon Kim®?,

Man-Seong Park*?

Department of Microbiology, the Institute of Viral Diseases, Korea University College of Medicine, Seoul, 02841, Republic of
Korea, *Vaccine Innovation Center, Korea University College of Medicine, Seoul, 02841, Republic of Korea

In silico design of serotype-specific and pan-serotype dengue virus antigens
Woojin Shin, Soyoung Lee, Sangyi lee, Seunghye Cho, Sejik Park, Hyunbeen Kim, Atanas V. Demirey,
Kyuyoung Lee, Man-Seong Park, Jin Il Kim

Department of Microbiology, Institute for Viral Diseases, Korea University College of Medicine, Seoul 02841, Republic of
Korea

Portable RT-LAMP-Based SFTSV Diagnostic System: Enabling Simple, Rapid Diagnosis in Primary
Care

Gi Chan Lee, Beom Kyu Kim, Sania Batool, Ji-Hyun Park, Seong Cheol Min, Ju Ryeong Lee, Dong Gyu Lee, Se
Hee An, Aman Jain, Yun Hee Baek’, Min-Suk Song*

Department of Microbiology, Chungbuk National University College of Medicine and Medical Research Institute, Cheongju,
Chungbuk, 28644, Republic of Korea

MRNA-LNP based neutralizing antibody for Severe Fever with Thrombocytopenia Syndrome
(SFTS) virus

Soo-Yeon Lee?, Yebeen Lee?, Eun Yong Oh?, Jae-Yong Kim®, Yoo-Jin Bang®, Sang-In Park’, Eun-Jin Choi*?,
Jisun Lee?, Dahyeon Ha'?, Ayoung Oh™?, Seonghyun Lee™?, Su bin Youn?, Jeong Soo Park®, Hye Won Kwak®,
Daegeun Kim®, Hyo-Jung Park'?, Sang-Myeong Lee*, Nam-Hyuk Cho®, Jae-Hwan Nam®**"

1The Catholic University of Korea, Bucheon, Republic of Korea, °BK21 plus Department of Biotechnology, The Catholic
University of Korea, Gyeonggi-do, Bucheon, Republic of Korea, *Department of Biomedical Sciences, Seoul National
University College of Medicine, Seoul, Republic of Korea, “Chungbuk National University, Cheongju, Republic of Korea, >SML
Biopharm, Gwangmyeong, Republic of Korea, ®PanGen Biotech Inc, Suwon, Republic of Korea.
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Al-Powered Discovery of Antivirals for Negative-Sense RNA Viral Infections

Seunghye Cho’, Sangyi Lee', Atanas V. Demirev’, Woojin Shin®, Sejik Park’, Hyunbeen Kim', Kyuyoung Lee?,
Hyeji Kang?, Sehee Park?, Joo-Yeon Lee?, Man-Seong Park™**', Jin Il Kim*>*"

Department of Microbiology, Institute for Viral Diseases, Korea University College of Medlicine, Seoul, Republic of Korea,
2Center for Emerging Virus Research, Korea National Institute of Health, Korea Disease Control and Prevention Agency,
Cheongju, Republic of Korea, *Vaccine Innovation Center, Korea University College of Medlicine, Seoul, Republic of Korea,
“Biosafety Center, Korea University College of Medicine, Seoul, Republic of Korea

Caboxamycin Has a Strong Antiviral Effect in CVB3-induced Myocarditis Mouse Model

Hong-Gi Kim®, Ha-Eun Jeon®, Sang-Jip Nam?’, Byung-Kwan Lim*"

Ipepartment of Biomedical Science, Jungwon University, Goesan-gun, Chungbuk, 367-805, Korea, *Department of
Chemistry and Nano Science, Ewha Womans University, Seoul, 120-750, Korea

SmA 1
HSV-1 Deubiquitinase UL36 Enhances Viral Replication Through Stabilization of the ICPO Protein
Tae Hyoung Kim® and Eui Tae Kim®***
Department of Biomedicine & Drug Development, Jeju National University Graduate School, Jeju, Republic of Korea,

’Department of Microbiology and Immunology, Jeju National University College of Medicine, Jeju, Republic of Korea, *Jeju
Research Center for Natural Medicine, Jeju National University Core Research Institute, Jeju, Republic of Korea

Human Cytomegalovirus Harnesses Host L1 Retrotransposon for Efficient Replication
Sung-Yeon Hwang>**", Hyewon Kim"**", Danielle Denisko**", Boxun Zhao*®’", Dohoon Lee®?, Jiseok
Jeong™*3, Jinuk Kim?, Kiwon Park“*?, Junhyun Park"*?, Dongjoon Jeong"?*?, Sehong Park"**, Hee-Jung
Choi?, Sun Kim®°, Eunjung Alice Lee™*", Kwangseog Ahn*%*"

Icenter for RNA Research, Institute for Basic Science, Seoul 08826, Republic of Korea, 2School of Biological Sciences, Seoul
National University, Seoul 08826, Republic of Korea, 3SNU Institute for Virus Research, Seoul National University, Seoul
08826, Republic of Korea, *Division of Genetics and Genomics, Boston Children's Hospital and Harvard Medical School,
Boston, MA 02115, USA, *Department of Biomedical Informatics, Harvard Medical School, Boston, MA 02115, USA, ®Broad
Institute of MIT and Harvard, Cambridge, MA 02115, USA, "Manton Center for Orphan Disease Research, Boston Children’s
Hospital, Boston, MA 02115, USA, ®Bioinformatics Institute, Seoul National University, Seoul 08826, Republic of Korea,
9BK21 FOUR Intelligence Computing, Seoul National University, Seoul 08826, Republic of Korea, *°Department of Computer
Science and Engineering, Seoul National University, Seoul, 08826, Republic of Korea

Cytomegalovirus Infection Promotes Atherosclerosis via Macrophage and Smooth Muscle Cell
Inflammation
Nuri Park, Jae Bong Lee, Jun-Young Seo

Department of Biomedical Sciences, Graduate School of Medical Science, Brain Korea 21 Project, Yonsei University College
of Medicine, Seoul 03722, Republic of Korea
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Inhibition of HCMV Replication by Ligands that Bind to G-quadruplex in Viral Lytic Replication
Origin

Daegyu Park”, Woo-Chang Chung®, Shuang Gong, Jin-Hyun Ahn”

Department of Microbiology, Sungkyunkwan University School of Medicine, Suwon 16419, Republic of Korea

HCMV UL38 Regulates LINE-1 Expression by Modulating KAP1 Phosphorylation through the mTOR
Pathway

Sehong Park™*?, Kwangseog Ahn

Icenter for RNA Research, Institute for Basic Science, Seoul 08826, Republic of Korea, *School of Biological Sciences, Seoul
National University, Seoul 08826, Republic of Korea, >SNU Institute for Virus Research, Seoul National University, Seoul
08826, Republic of Korea

Antibody-Dependent Cellular Phagocytosis as a Valuable Evaluation Method for Varicella Vaccine
Immunogenicity

Sivilay Xayaheuang®, Ji-Young Hwang®, Yunhwa Kim?, Eun Jeong Jang®, Kyung-Min Lee’, Seok Tae Choi’, Ji
Yun Noh?, Hosun Park>*"

Ipepartment of Microbiology, College of Medicine, Yeungnam University, Republic of Korea, 2Division of Infectious Diseases,
Department of Internal Medicine, Korea University College of Medicine, Seoul, Korea, *lmmunogenicity Evaluation
Laboratory, Clinical Trial Center, Yeungnam University Medical Center, Daegu, Republic of Korea

S{mjA 7
Varicella Zoster Virus Glycoprotein E Facilitates PINK1/Parkin-mediated Mitophagy to Evade
STING And MAVS-mediated Antiviral Innate Immunity
Soo-Jin Oh?, Je-Wook Yu?, Jin-Hyun Ahn?, Seok Tae Choi*, Hosun Park®, Jeanho Yun®, Ok Sarah Shin*

1BK21 Graduate Program, Department of Biomedical Sciences, College of Medicine, Korea University Guro Hospital, Seoul,
Republic of Korea, “Department of Microbiology and Immunology, Institute for Inmunology and Immunological Diseases,
Yonsei University College of Medicine, Seoul, Republic of Korea, Department of Microbiology, Sungkyunkwan University
School of Medicine, Suwon, Republic of Korea, *Department of Microbiology, College of Medicine, Yeungnam University,
Daegu, Republic of Korea, °Department of Translational Biomedical Sciences, Graduate School of Dong-A University, Busan,
Republic of Korea

Increased GSDME activation and pyroptosis induced by chemotherapeutic agents in EBV-positive
gastric cancer
Min-Hyeok Lee, Ju Yeon Lee, Suk Kyeong Lee”

Department of Medicine, College of Medicine, Catholic University, Seoul, Korea
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Genome-wide screening of HCMV latency regulator
Hyewon Kim, Dongjoon Jeong, Kwangseog Ahn’
Laboratory of Immune Regulation School of Biological Sciences, Seoul National University.

olojA 10
MORC2-Mediated Hijacking of Host DNA Repair Machinery by HCMV for Efficient Replication
Jiseok Jeong™?, Kwangseog Ahn™?"

School of Biological Sciences, Seoul National University, Seoul, Republic of Korea, ?Institute for Basic Science, Center for
RNA Research, Seoul, Republic of Korea.

Antiviral Effects of Ethanolic Extract from Tagetes Erecta Linn. Against HIN1 Influenza A Virus
Aleksandra Nowakowska, Minjee Kim, Jaebum Kim, Young Bong Kim"

Department of Biomedical Science and Engineering, Konkuk University, Seoul, Republic of Korea

Viperin Modulates Host Response to SARS-CoV-2 Infection
Nae-Ok Koo, Jun-Young Seo”

Department of Biomedical Sciences, Graduate School of Medical Science, Brain Korea 21 Project, Yonsei University College
of Medicine, Seoul 03722, Republic of Korea

Evaluation of the Antiviral Efficacy of Subcutaneous Nafamostat Formulated with Glycyrrhizic Acid
against SARS-CoV-2 in a Murine Model

Beom Kyu Kim®, Ju Hwan Jeong', Woong Hee Lee*?, Seong Cheol Min', Santosh Chokkakula®, Sol Oh?,
Ji-Hyun Park®, Gi Chan Lee’, Ju Ryeong Lee’, Dong Gyu Lee’, Se Hee An’, Sania Batool*, Aman Jain®,
Eung-Gook Kim?, Yun Hee Baek®, Min-Suk Song""

Department of Microbiology, Chungbuk National University College of Medicine and Medical Research Institute,
Cheongju-si 28644, Republic of Korea, MODNBIO Inc., Seoul 08378, Republic of Korea, ’Institute of Biotechnology,
Chungnam National University, Daejeon 34134, Republic of Korea, *Department of Biochemistry, Chungbuk National
University College of Medicine and Medical Research Institute, Cheongju 28644, Republic of Korea

COVID-19 Domestic Mutation Trend and Target Region Mutation Analysis
Sung Ho Kim, So Ra Kim, Eun Byeol Kim, Joon Ho Eom T
Medlical Device Research Division, National Institute of Food and Drug Safety Evaluation
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Development of Point-of-care Assay and Clinical Evaluation of Multiplex RT-gPCR Using Portable
Franklin Thermocycler for SARS-CoV-2

Seonghyeon Lee'", Shivani Rajoriya'", Jieun Park®, Bohyeon Kim®, Augustine Natasha®, Sara Puspareni
Prayitno, Divya Misra®, Choseung Kim*, Kyung-Min Park®?, Jin-Won Song??, Taek-Kyun Lee*, Kyu Sung
Shin®, Hyungdon Lee®, Won-Keun Kim*”*

Department of Microbiology, College of Medicine, Hallym University, Chuncheon, Republic of Korea, *Risk Assessment
Research Center, Korea Institute of Ocean Science and Technology, Geoje 53201, Republic of Korea, *BK21 Graduate
Program, Department of Biomedical Sciences, Korea University College of Medicine, Seoul, Republic of Korea, *South Sea
Environment Research Department, Korea Institute of Ocean Science and Technology, >Department of Laboratory medicine,
Chuncheon Sacred Heart Hospital, Hallym University, College of Medicine, Chuncheon, Republic of Korea, ®Division of
infectious disease, Chuncheon Sacred Heart Hospital, Hallym University, College of Medicine, Chuncheon, Republic of Korea,
“Institute of Medical Research, College of Medicine, Hallym University, Chuncheon, Republic of Korea

Characterization of avian influenza viruses from the fecal samples of wild birds in South Korea
Jeonghun Kim, Joon-Yong Bae, Jungmin Lee, Sohyun Lee, Sujin Hwang, Kisoon Kim, Man-Seong Park”

Department of Microbiology, Institute for Viral Diseases, College of Medicine, Korea University Vaccine Innovation
Center-KU Medicine (VIC-K)

Advancing mRNA Vaccine Development Against Influenza Through Al Technology

Hyunbeen Kim®, Seunghye Cho', Sangyi Lee?, Sejik Park®, Woojin Shin', Tae-Young Lee?, You-Jin Kim?,
Dokeun Kim?, Atanas V. Demirev?, Kyuyoung Lee', Man-Seong Park™**, Jin Il Kim***"

Ipepartment of Microbiology, Institute for Viral Diseases, Korea University College of Medicine, Seoul, Republic of Korea,
2Division of Infectious Disease Vaccine Research, National Institute of Health, Korea Disease Control and Prevention Agency,

Cheongju, Republic of Korea, *Vaccine Innovation Center, Korea University College of Medicine, Seoul, Republic of Korea,
“Biosafety Center, Korea University College of Medicine, Seoul, Republic of Korea

Veiled Effectiveness Of Combination Therapy Against SARS-CoV-2 In Vitro
Seong Cheol Min, Beom Kyu Kim, Ji-Hyun Park, Ju Ryeong Lee, Gi Chan Lee, Dong Gyu Lee, Q14]| 3], Sania Batool,

Aman Jain, Santosh Chokakula, Yun Hee Baek’, Min-Suk Song"

Department of Microbiology, Chungbuk National University College of Medicine and Medical Research Institute, Cheongju,
Chungbuk, 28644, Republic of Korea.

Molecular evolutionary investigation: Disappearance of influenza B Yamagata lineage
Sejik Park, Seunghye Cho, Sangyi Lee, Hyunbeen Kim, Woojin Shin, Soyoung Lee, Atanas V. Demirey,
Kyuyoung Lee, Man-Seong Park, Jin Il Kim

Department of Microbiology, Institute for Viral Diseases, Korea University College of Medicine, Seoul 02841, Republic of
Korea
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257110
Regulation of ISG15 Secretion by SARS-CoV-2 Proteins

Kanghun Seo, Wonjin Bang, Youngju Choi, Jin-Hyun Ahn
Department of Microbiology, Sungkyunkwan University School of Medicine, Suwon 16419, Republic of Korea.

Characterization of Immune Responses to mRNA Vaccines in the Presence of Anti-PEG Antibodies
Ayoung Oh™?, Gahyun Roh', Dahyeon Ha'?, Subin Youn™?, Seonghyun Lee®?, Sowon Lee', Hyo-Jung Park™?,
Jisun Lee', Jae-Hwan Nam®?

Ipepartment of biotechnology, The Catholic University of Korea, Bucheon, Gyeonggi-Do, Republic of Korea, ?BK21 four
Department of Biotechnology, The Catholic University of Korea, Bucheon, Gyeonggi-Do, Republic of Korea

A Single Baculovirus Vector Vaccine Delivering Dual Gene of SARS-CoV-2 Induces Broad Protection
Against SARS-CoV-2 VOCs.

Doyoung Yoonl, Jungmin Chunl, Hyeondong Leel, Chanyeong Leel, Hee-Jung Leel, Young Bong Kim?
!Department of Bio-medical Science and Engineering, Konkuk University, Seoul, Republic of Korea (05029),

2KR Biotech, Seoul, Republic of Korea (05029)

Exploring the Zoonotic Potential of Avian Influenza A(H5N1) clade 2.3.4.4 Viruses

Sangyi Lee™?, Seunghye Cho™?, Hyunbeen Kim"?, Kyuyoung Lee™?, Sejik Park®, Woojin Shin®, Atanas V.
Demirev’, Man-Seong Park**", Philippe Lemey*’, Jin Il Kim***"

Department of Microbiology, Institute for Viral Diseases, Korea University College of Medicine, Seoul, Republic of Korea,
2Vaccine Innovation Center, Korea University College of Medicine, Seoul, Republic of Korea, *Biosafety Center, Korea

University College of Medicine, Seoul, Republic of Korea, 4Department of Microbiology, Immunology, and Transplantation,
Rega Institute, KU Leuven, Leuven, Belgium, “These authors contributed equally.

Decoding Influenza Virus Evolution Through Computational Antibody Footprinting
Soyoung Lee, Seunghye Cho, Sangyi Lee, Sejik Park, Hyunbeen Kim, Woojin Shin, Atanas V. Demirev,
Kyuyoung Lee, Man-Seong Park, Jin Il Kim

Department of Microbiology, Institute for Viral Diseases, Korea University College of Medicine, Seoul 02841, Republic of
Korea

587|115
Dose-Dependent Serological Profiling of AdCLD-CoV19-1 Vaccine in Adults
Jung Hyuk Lee, Yuna Shin®, Kwang-Soo Shin?, Ju Yeon Park®, Mi Sun Kim', Young-Shin Park®, Chang-Yuil
Kang?, Sang Hwan Seo?, Jae-Ouk Kim*, Deok Ryun Kim?, Jae Seung Yang®, Byoung-Shik Shim*", Manki Song""

international Vaccine Institute, Seoul 08826, Republic of Korea, *Research & Development Center, Cellid Co., Ltd., Seoul
08826, Republic of Korea
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Stimulator of Interferon Gene Agonists Induce an Innate Antiviral Response against Influenza
viruses
Hyun Jung Lee', Joo-Hoo Park®?, Il-Ho Park®?, Ok Sarah Shin*

1BK21 Graduate Program, Department of Biomedical Sciences, College of Medicine, Korea University Guro Hospital, Seoul
08308, Republic of Korea, *Department of Otorhinolaryngology-Head and Neck Surgery, Korea University College of
Medicine, Seoul 08308, Republic of Korea, >Upper Airway Chronic Inflammatory Diseases Laboratory, Korea University,
Seoul 08308, Republic of Korea

$87117
Modular Nanodiscs Amplifying Weak-neutralizing Antibody of SARS-CoV-2

Soyun Choi, Hyunjoo choo, Jaehyeon Hwang, JeongHyeon Yoon, KyeongWon Kim, Dae-Hyuk Kweon"
Department of Integrative Biotechnology, Sungkyunkwan University, Suwon 16419, Republic of Korea

MRNA Vaccine Provides Rapid and Superior Protection Against Canine Influenza H3N2

Eun-lJin Choi"?, Jaeseok Choi*, Soo-Yeon Lee'?, Ayoung Oh™?, Dahyeon Ha™?, Hye Won Kwak?, Yoo-Jin Bang?,
Jae-Yong Kim?, Hyeong-Jun Park®, Seonghyun Lee™?, Su Bin Youn™?, Daesub Song®, Woonsung Na>,
Jae-Hwan Nam®**

Department of Medical and Biological Sciences, The Catholic University of Korea, Bucheon, Gyeonggi-Do, Republic of
Korea, 2BK21 Department of Biotechnology, The Catholic University of Korea, Bucheon, Gyeonggi-Do, Republic of Korea,
3R&D Team, SML Biopharm, Gwangmyeong 14353, Republic of Korea, *Department of Virology, Chonnam national
university school of veterinary, Gwangju , Republic of korea, Department of Oral microbiology, Seoul National University
School of Dentistry, Seoul, Republic of Korea, °Department of Virology, Seoul National University School of veterinary, Seoul,
Republic of Korea.

387119
Potent Anti-COVID-19 Agent, GMS007, Made of Stable and Cell-Permeable Peptide Nucleic Acid
(PNA)

Hyunseok Hong, Sung Chun Kim, Hee Kim
Gifted MS Co., LTD., Inchon, Korea

Identification of HA Receptor-Binding Site Mutations Associated with Enhanced Influenza A Virus
Infectivity
Seon-Yeong Hwang, Jun-Young Seo’

Department of Biomedical Sciences, Graduate School of Medical Science, Brain Korea 21 Project, Yonsei University College
of Medicine, Seoul 03722, Republic of Korea
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Optimization of air-borne viral particle collection for the efficacy test of air disinfection devices.
Sujin Hwang, CUI CHUNGUANG, Juho Do, Sumin Park, Jeonghun Kim, Jong Hyeon Seok, Man-Seong Park’,
Kisoon Kim"

Department of Microbiology, Institute for Viral Diseases, Vaccine Innovation Center, College of Medicine, Korea University,
Seoul, Korea 02841

Construction of HPV pseudotyped viruses for evaluation of Gardasil 9-valent vaccine efficacy and
study of cross-reactivity with each type

Heewon Bang', Sehyun Kim?, Kihoon Park? Chanyoung Lee', Doyoung Yoon®, Young Jik Lee', Hyeondong
Lee’, Novakowska Alexandra®, Jungmin Chun®, Heejung Lee?, Hyesook Jeong?, Juyeon Choi®, Youngjae Le€?,
Young Bong Kim®2 T

Department of Biomedical Science and Engineering, Konkuk University, Seoul, 05029, Republic of Korea, °’KR BioTech, 120

Neungdong-ro, Gwangjin-gu, Seoul, Republic of Korea, >Division of Clinical Vaccine Research, National Institute of Health,
187 Osongsaengmyeong 2-ro, Heungdeok-gu, Cheongju-si, Chungcheongbuk-do, 28159, Republic of Korea

Evaluation of Antibody-Dependent Cellular Phagocytosis Induced by COVID-19 mRNA Vaccines
Sivilay Xayaheuang?, Ji-Young Hwang®, Yunhwa Kim*, Eun-Jeong Jang®, Kyung-Min Lee’, Seok-Tae Choi', Ok
Sarah Shin?, Ji Yun Noh®, Hosun Park™*

IDepartment of Microbiology, College of Medicine, Yeungnam University, Republic of Korea, *Department of Biomedical
Sciences, Korea University College of Medicine, Seoul, Republic of Korea, *Division of Infectious Diseases, Department of

Internal Medicine, Korea University College of Medicine, Seoul, Republic of Korea, “lmmunogenicity Evaluation Laboratory,
Clinical Trial Center, Yeungnam University Medical Center, Daegu, Republic of Korea

Promising anti-tumor effects of E6/E7 antigen expressing mRNA in HPV-positive tumor mice
model

Seonghyun Lee™?, Hyunho Yoon?, Seol Hee Hong>*, Sung Pil Kwon®, Jung Joo Hong®’, Shee Eun Lee**’,
Jae-Hwan Nam®*#*

Ipepartment of Medical and Biological Sciences, The Catholic University of Korea, Bucheon, Gyeonggi-do, South Korea,
2BK21 four Department of Biotechnology, The Catholic University of Korea, Bucheon, Gyeonggi-do, South Korea, *National
Immunotherapy Innovation Center, Hwasun-gun, Jeonnam, South Korea, *Department of Pharmacology and Dental
Therapeutics, School of Dentistry, Chonnam National University, Gwangju, South Korea, *Brain Science Institute, Korea
Institute of Science and Technology, Seoul, South Korea, ®National Primate Research Center, Korea Research Institute of
Bioscience and Biotechnology (KRIBB), Cheongju, Chungcheongbuk-do, South Korea, ’KRIBB School of Bioscience, Korea
University of Science & Technology (UST), Daejeon, South Korea, 5R&D Research Center, SML Biopharm, Gwangmyeong,
Gyeonggi-do, South Korea.
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Development of minimum requirements for certification of spray-type virucidal products
Hyun Ho Kim, Jin Woo Lee, Hye Jin Kim, Mi Na Kim, Chang Min Shin, Jin Sik Cho’
Korea Testing & Research Institute (KTR), Gwacheon, Republic of Korea

In mRNA-based personalized cancer vaccines, the combination of antigen prediction and timing
of vaccination increases anti-cancer efficacy.
Seongje Cho™?, Woori Kwak“?, Hyunho Yoon'?, Jisun Lee?, Seonghyun Lee™?, Hyo-Jung Park™?, Sohee Jo'?,

Jungmin Kiml'z, Sowon Leel, Kwoneel Kim3, Ki Tae Kim4, Jae-hwan Nam®*”"

IDepartment of Medical and Biological Sciences, The Catholic University of Korea, Bucheon, Gyeonggi-do, Republic of Korea,
2BK Four Department of Biotechnology, The Catholic University of Korea, Gyeonggi-do, Bucheon, Republic of Korea,
3Department of Biology, Kyung Hee University, Seoul, Korea, *Department of Molecular Genetics, School of Dentistry and
Dental Research Institute, Seoul National University, Seoul, Korea.

HMGB1 Contributed to Early inflammation Following mRNA Vaccination but Does Not Affect
Immunogenicity

Dahyeon Ha™?, Jisun Lee®, Seo-Hyueon Bae™?, Youngran Cho™?, Seonghyun Lee?, Subin Yoon?, Gahyun
Roh?, Soo-Yeon Lee™?, Eun-Jin Choi“?, Ayoung Oh™?, Seongje Cho?, Sowoon Lee’, Hyo-Jung Park™?,
Jae-Hwan Nam "2

Ipepartment of biotechnology, The Catholic University of Korea, Gyeonggi-Do, Bucheon, Republic of Korea, 2BK21 four
Department of Biotechnology, The Catholic University of Korea, Gyeonggi-do, Bucheon, Republic of Korea.

Efficacy Evaluation of Peptides Derived from Dengue ED Ill Predicted via in silico Analysis
Seokhwan Hyeon, Kwangwook Kim, Kyeonghyun Lee, Mihee Kim, Jaenam Jeong, Byung Chul Kim,
Yookyoung Lee”

Division of Vaccine Development, Center for Vaccine Research National Institute of Infectious Diseases, Korea National
Institute of Health, Korea Disease Control and Prevention Agency, Cheongju, Republic of Korea
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Suppression of HBV transcription and replication by
host RNA-binding-protein in HBV infected cells

Gahee Kim, Yongwook Choi, Yong Kwang Park, Wonhee Hur*, Songmee Bae"

Division of Chronic Viral Disease Research, Center for Emerging Virus Research, Korea National Institute of
Health, Chungbuk, Korea

Hepatitis B virus (HBV) infection is a significant health concern, affecting approximately 250 million people
worldwide, resulting in an estimated 887,000 deaths annually due to cirrhosis and hepatocellular
carcinoma. Current treatments, primarily nucleos(t)ide analogues, are effective suppressing viral
replication, but they don’t completely eradicate the virus. Focusing on host factors involved in the life cycle
of HBV is a promising strategy for discovering potential new therapeutic targets. In this study, we aimed to
discover RNA-binding proteins (RBPs) as host factor with anti-HBV activity. We identified an RBP with
decreased expression in HBV-infected cells compared to the uninfected cells. Subsequently, overexpression
of the RBP in HepG2-NTCP and C57/BL6 mice with HBV inhibited the transcription/replication of HBV DNA,
the level of core protein, and the secretion of HBsAg and HBeAg. On the other hand, knock-down
experiments using RBP-siRNA showed increased secretion of HBsAg and HBeAg, along with elevated levels
of HBV DNA. These results indicate that RBP functions to suppress HBV replication and reduce viral protein
production. Particularly, the RBP repressed the HBV enhancer activity by binding to both the enhancer I/HBx
promoter (Enh I/xp) and the enhancer Il/HBc promoter (Enhll/Cp). Elucidating the mechanisms by which the
RBP affects enhancer activity advances understanding of HBV pathogenesis and assesses the potential of
this RBP as a therapeutic target.

This work was supported by the intramural fund (#2022-NG-003-02) from Korea National Institutes of
Health.
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N6-methyladenosine (m6A) RNA methylation
regulates hepatitis Delta virus replication.

Jae-Su Moon?*, Geon-Woo Kim?”

ICenter for Rare Disease Therapeutic Technology, Therapeutics & Biotechnology Division, Korea Research
Institute of Chemical Technology (KRICT), Daejeon, Korea, *Department of Microbiology & Molecular
Biology, Chungnam National University, 99 Daehak-ro, Yuseong-gu, Daejeon, Korea

Hepatitis Delta virus (HDV) is a defective satellite virus that uses hepatitis B virus (HBV) envelop proteins to
form its virions and infect hepatocytes via the HBV receptors. Concomitant HDV/HBYV infection continues to
be a significant health problem, with at least 25 million people chronically infected worldwide. N6-
methyladenosine (m6A) modification of cellular and viral RNAs is the most prevalent internal modification
that occurs co-transcriptionally, and this modification regulates various biological processes. We have
previously described a wider range of functional roles of m6A methylation of HBV RNAs, including its
imminent regulatory role in the encapsidation of pregenomic RNA. In this study, we present evidence that
m6A methylation also plays an essential role in the HDV life cycle. Using the methylated RNA
immunoprecipitation (MeRIP) assay, we identified that the intracellular HDV genome and antigenome are
m6A methylated in HDV and HBV co-infected primary human hepatocytes and HepG2-NTCP cells. In
contrast, the extracellular HDV genome is not m6A methylated. We observed that HDV genome and delta
antigen levels are significantly decreased in the absence of METTL3/14, while the extracellular HDV genome
levels are increased by depletion of METTL3/14. Significantly, YTHDF1, an m6A reader protein, interacts with
the m6A methylated HDV genome and inhibits the interaction between the HDV genome and antigens.
Thus, m6A of the HDV genome negatively regulates virion production by inhibiting the interaction of the
HDV genome with delta antigens through the recruitment of YTHDF1. This is the first study that provides
insight into the functional roles of m6A in the HDV life cycle.
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Gender-specific alteration of steroid metabolism
and its impact on viral replication in mouse model of
hepatitis B virus infection

Eun-Sook Park, Juhee Won, Sung Hyun Ahn, Ah Ram Lee, Donghyo Lee, Ju-Yeon Moon,
Man Ho Choi*, Kyun-Hwan Kim"

Department of Precision Medicine, School of Medicine, Sungkyunkwan University, Seoul, Republic of Korea.

Hepatitis B virus (HBV) is a typical gender-specific pathogen inducing more severe pathogenicity in male
compared to female infection. The gender disparity in HBV infection has been attributed to hormonal
differences between males and females. However, it is unclear whether HBV infection affects the metabolic
signatures of steroid hormones and how it influences viral replication. In this study, we investigated whether
HBV infection can alter the steroid metabolism and its impact on HBV replication. Serum samples of male
and female mice obtained after hydrodynamic injection of replication-competent HBV plasmid were
subjected to quantitative steroid profiling. The levels of serum steroid in mice were analyzed using an in vitro
metabolism assay with the mice liver S9 fraction. We found that the alteration of steroids by HBV infection
was observed only in male mice, particularly with significant changes in androgens while no significant
hormonal changes was observed in female mice. Among the altered steroids, dehydroepiandrosterone
(DHEA) levels increased the most in male mice by HBV infection. The in vitro metabolism assay revealed that
the level of androgens was significantly reduced only in HBV infected male mice. We also found that the
genes involved in DHEA biosynthesis were significantly increased in HBV infected male mice. Interestingly,
the reduced dihydrotestosterone (DHT) in male mice significantly inhibited the viral replication through
suppression of HBV promoter activity, suggesting a viral strategy to overcome the antiviral effect of steroid
hormones in males. Our data demonstrate that HBV infection can cause gender-specific changes in steroid
metabolism.
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Cycloserine, a potential candidate for reducing the
HBV cccDNA in vitro

Yongwook Choi*, Gahee Kim, Yong Kwang Park, Wonhee Hur, Gyeong-Hwuii Kim, Songmee Bae

Division of Chronic Viral Disease, Center for Emerging Virus Research, National Institute of Infectious
Diseases, National Institute of Health, Chungbuk, Korea

Hepatitis B virus (HBV) is a small hepatotropic DNA virus with 3.2kbp partially double-stranded DNA, called
relaxed circular DNA (rcDNA) which is converted to covalently closed circular DNA (cccDNA) in the nucleus.
Despite of efficient nucleotide analog drugs, cccDNA is the important barrier for HBV cure and is hard to
study because of low copy numbers even in the primary human hepatocyte (PHH).

In this study, we established a direct cell lysis and PCR-based screening system with an artificial recombinant
HBV cccDNA(rcccDNA), linearized loxP-HBV genome resulting the rcccDNA form by CRE expression, for
finding the chemicals to reduce the rcccDNA. Totally 264 chemicals about anti-virus and FDA-approved
drugs (1uM/ml) were tested in HepAD38 cell line with Dox(5ug/ml) for 5 days. Ten of them, including
danoprevir, cycloserine, phenytoin sodium, amantadine, and germacrone showed a decrease between
32-35% in cccDNA by qRT-PCR. After further analysis in HBV-infected condition in HepG2-NTCP cell line,
cycloserine, a potential candidate chemical for reducing the HBV cccDNA, showed the decrease of HBeAg,
HBsAg, and cccDNA. We will further study how cycloserine works for reducing the cccDNA and the efficiency
in vivo model system.

This work was supported by the intramural fund (grant numbers 2022-NG-004-02) from Korea National
Institutes of Health.
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Comparative Analysis of the Gut Viral and Bacterial
Composition between Wild Bats and Captive Fruit
Bats in Korea

Young-Seung Ko', Taek Geun Lee', Da-Yun Bae’, Yun-Chae Cho', Sang-Joon Lee?, Sang-Jin Lim?,

Sung-Hyun Moon’, Won-Keun Kim*, Dae-Sung Yoo®, Yeonsu Oh?’, Ho-Seong Cho'"

!Bio-Safety Research Institute and College of Veterinary Medicine, Jeonbuk National University, lksan
54596, Republic of Korea, *College of Veterinary Medicine and Institute of Veterinary Science, Kangwon
National University, Chuncheon 24341, Republic of Korea, Division of Forest Science, Kangwon National
University, Chuncheon 24341, Republic of Korea, *“Department of Microbiology, College of Medicine, Hallym
University, Chuncheon 24252, Republic of Korea, *College of Veterinary Medicine, Chonnam National
University, Gwangju 61186, Republic of Korea.

Bats are flying mammals with over 1,400 species worldwide. They consume a variety of diets, including
nectar, insects, fruits, and blood. In South Korea, diverse bat species are known to inhabit, including the
horseshoe bat (Rhinolophus ferrumequinum), eastern bent-wing bat (Miniopterus fuliginosus), Hodgson's
bat (Myotis formosus), and Japanese pipistrelle (Pipistrellus abramus). Additionally, Egyptian Rousettus
fruit bats (Rousettus aegyptiacus) are currently being housed in several zoos in South Korea. Temperate
bats, including those in Korea, feed on insects, while tropical bats consume nectar, fruits, and pollen. The gut
microbiome is a symbiotic microbial community associated with the host, and various factors have been
shown to influence its composition. We characterized the gut microbiome and virome of wild bats in South
Korea and captive fruit bats. Shotgun metagenomics analysis of fecal samples from the Egyptian Rousettus
fruit bat identified a diverse array of bacterial species, including Aliarcobacter cryaerophilus, Acinetobacter
cumulans, Aliarcobacter butzleri, and Lactococcus lactis. Additionally, various viral phages such as
Escherichia phage, Lactococcus phage, and Shigella phage were detected. 16S metagenomics analysis
revealed that the Egyptian Rousettus fruit bat exhibits higher alpha-diversity compared to the Horseshoe
bat. The predominant microbial species in the fruit bat at the genus level was Escherichia_shigella,
Lactococcus, and Acinetobacter. In contrast, the Horseshoe bat was predominated with Candidatus_cardinium,
Mycoplasma, and Actinobacillus. This study identified the microbiome in the feces of domestically residing
horseshoe bats and fruit bats. However, due to the comparison of different species, it was not possible to
determine whether the variances in microbial distribution were attributed to the habitat environment or
species differences.

This research was supported by a grant of the project for The Government-wide R&D to Advance Infectious
Disease Prevention and Control, Republic of Korea (grant number: HG23C1623).
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A triplex real-time quantitative reverse transcription-
polymerase chain reaction for simultaneous and
differential detection of Feline calicivirus, Feline
herpesvirus 1, and Influenza A virus in cats

Hye-Ryung Kim?, Jonghyun Park?, Jong-Min Kim?, Ji-Su Baek?, Ji-Hoon Park*?, Yeun-Kyung Shin?,
Hae-Eun Kang’, Jung-Hoon Kwon', Won-Jae Lee’, Min Jang', Sang-Kwon Lee', Ho-Seong Cho®,
Yeonsu Oh*, Oh-Deog Kwon'", Choi-Kyu Park®”

College of Veterinary Medicine & Institute for Veterinary Biomedical Science, Kyungpook National
University, Daegu, 41566, Republic of Korea, >Animal and Plant Quarantine Agency, Gimcheon, 39660,
Republic of Korea, *College of Veterinary Medicine and Bio-Safety Research Institute, Jeonbuk National
University, lksan 54596, Republic of Korea, “College of Veterinary Medicine and Institute of Veterinary
Science, Kangwon National University, Chuncheon 24341, Republic of Korea

Feline respiratory disease complex (FRDC) is globally reported disease syndrome characterized by acute and
contagious respiratory or ocular diseases caused by one or multiple pathogens. A variety of viral and
bacterial pathogens are associated with outbreaks of FRDC. Of these, FCV and FHV-1 are considered the
primary viral pathogens that are most frequently identified in cats with FRDC. Although extremely rare,
certain subtypes of influenza A viruses (IAVs) are also associated with FRDC, and concern has been raised
regarding their zoonotic potential. Since the clinical signs of respiratory disease caused by FCV, FHV-1, or IAV
are indistinguishable in cats, laboratory testing is required for accurate and differential diagnosis of the
pathogens involved FRDC. In this study, a new triplex real-time quantitative reverse transcription
polymerase chain reaction (tqRT-PCR) assay was developed for the rapid and differential detection of three
feline viral pathogens including feline calicivirus (FCV), feline herpesvirus 1 (FHV-1), and influenza A virus
(IAV) in a single reaction. The assay specifically amplified three targeted viral genes with a detection limit of
below 10 copies/reaction. The assay showed high repeatability and reproducibility, with intra- and
inter-assay coefficients of variation of less than 1%. Based on the diagnostic results of the assay using 120
clinical samples obtained from cats. The prevalence of FCV, FHV-1, or IAV was 43.3%, 22.5%, or 0%,
respectively, indicating that the diagnostic sensitivity was comparable or superior to those of previously
reported assays. The dual infection rate for FCV and FHV-1 was 8.3%. These results indicate that FCV and
FHV-1 are widespread and that co-infection with FCV and FHV-1 frequently occur in the Korean cat
population. The developed tqRT-PCR assay will serve as a promising tool for etiological and epidemiological
studies of these three viral pathogens, and the prevalence data for three feline viruses obtained in this study
will contribute to expanding knowledge about the epidemiology of FRDC in the current Korean cat
population.
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Assessing post-vaccination seroprevalence and
enhancing strategies for lumpy skin disease
vaccination in Korean cattle

Sung-Hyun Moon®, Da-Yun Bae’, Taek Geun Lee’, Young-Seung Ko', Yun-Chae Cho", Sang-Joon Lee?,
Woo H. Kim?, Choi-Kyu Park*, Dae-Sung Yoo®, Yeonsu Oh*’, Ho-Seong Cho*"

!Bjo-Safety Research Institute and College of Veterinary Medicine, Jeonbuk National University, lksan
54596, Republic of Korea, *College of Veterinary Medicine and Institute of Veterinary Science, Kangwon
National University, Chuncheon 24341, Republic of Korea, College of Veterinary Medicine & institute of
Animal Medicine, Gyeongsang National University, Jinju 52828, Republic of Korea, “Animal Disease
Intervention Center, College of Veterinary Medicine, Kyungpook National University, Daegu 41566, Korea,
>College of Veterinary Medicine, Chonnam National University, Gwangju 61186, Republic of Korea.

Lumpy skin disease (LSD), caused by the LSD virus (LSDV), a dsDNA virus of the genus Capripoxvirus,
represents a significant cross-border infectious threat, particularly impacting cattle and water buffaloes
through transmission by blood-feeding insects. Traditionally endemic to Southern Africa, LSD has rapidly
spread over the past decade through the Middle East to Eastern Europe and China, reaching Korea in
October 2023. This outbreak prompted a nationwide vaccination campaign, addressing both the disease’s
severe economic impact and its status as a notifiable disease under the World Organisation for Animal
Health. This study assesses the seropositivity of the LSD vaccine in cattle across four Korean provinces 2-3
months post-vaccination, aiming to inform improvements in biosecurity and vaccination strategies. Overall,
30.59% of the cattle tested (1,196 out of 3,910) exhibited positive antibody responses, a rate comparable to
international post-vaccination findings. Analysis further revealed differences in antibody positivity between
farm types and management practices. Specifically, farms where vaccines were administered by
veterinarians showed no significant difference in antibody positivity between Korean native cattle and dairy
cattle, regardless of the presence of restraint facilities. However, on farms where vaccinations were
conducted by the owners, dairy cattle demonstrated higher seropositivity (43.30+33.39%) compared to
Korean native cattle (21.97+20.79%) in the absence of restraint facilities. Further comparisons underscored
the impact of restraint facilities on vaccination efficacy, with dairy farms generally achieving higher antibody
positivity rates (29.43+30.61%) than farms with Korean native cattle (23.02+23.33%) (p<0.05), suggesting
that consistent vaccine delivery methods enhance immunogenic responses. Contrarily, no significant
difference was noted in antibody positivity rates between large- and small-scale farms, indicating that farm
size did not notably impact the effectiveness of the vaccinator. These findings emphasize that while current
vaccines are sufficiently inducing immunity, enhancing vaccination strategies, particularly through trained
personnel and improved restraint facilities, is crucial. Additionally, the research reaffirms that
comprehensive control of LSD not only relies on effective vaccination but also requires robust measures to
eradicate vectors, thus enhancing overall farm biosecurity. This study’s insights into vaccination impact and
farm management practices provide valuable guidance for refining LSD control measures in Korea and
potentially other affected regions.

[Acknowledgements] This work was supported by Korea Institute of Planning and Evaluation for Technology
in Food, Agriculture and Forestry (IPET) through High-Risk Animal Infectious Disease Control Technology
Development Project, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) (RS-2024-
00399814) and (RS-2024-00400522).
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First detection and genetic characterization of Swine
orthopneumovirus from pig farms in the Republic of
Korea
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*College of Veterinary Medicine Konkuk University, 120 Neungdong-ro Gwangjin-gu, Seoul 05029, Re-public
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Novel swine orthopneumovirus (SOV) infections have been identified from pigs in USA and some European
countries but not in Asian countries including South Korea to date. The current study reports the first SOV
infections in four domestic pig farms located in four provinces across South Korea. The detection rate of SOV
in oral fluid samples using qRT-PCR was 4.4% (14/389), indicating the presence of the virus in pigs at
commercial farms in Korea. Two complete genome sequences and one glycoprotein (G) gene sequence
were obtained from SOV-positive samples. The complete genome analysis of KSOV-2201 and KSOV-2202
strains showed 98.2 and 95.4% homologies with previously reported SOV, and the phylogenetic tree
exhibited high correlation with previously reported SOV strain from the US and canine pneumovirus (CPnV)
strain from China. Based on the genetic analysis of the viral G gene, the murine pneumonia virus (MPV)-like
orthopneumoviruses (MLOV) were divided into two genogroups (G1 and G2). Seventeen CPnVs, and two
feline pneumoviruses were grouped into G1, while the Korean SOV strains identified in this study were
grouped into G2 along with one SOV and two CPnVs. These results will contribute to expanding our
understanding of the geographical distribution and genetic characteristics of the novel SOV in the global pig
population.
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Cytoplasmic tail of SADS-CoV spike protein regulates
its subcellular localization

Eun-Song Lee, Jung-Eun Park’

College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea

Swine acute diarrhea syndrome coronavirus (SADS-CoV), also known as swine enteric alphacoronavirus, was
identified in piglets with diarrhea in 2017. The spike (S) protein of SADS-CoV plays a key role in the receptor
recognition and cell membrane fusion processes. The cytoplasmic tail (CT) of S protein is a small part
consisting of a cysteine-rich motifs and an endoplasmic reticulum retention signal at C-terminus. The
distribution of S protein in host cells is likely related to CT regulation. In the present study, we used the S gene
with CT truncation (S-dCTs) to examine the effects of CT on the intracellular localization of S proteins and
cell-to-cell fusion. Wild-type (WT) S proteins were co-localized with the ER marker Calnexin. Compared to
WT S proteins, S proteins lacking 5 amino acids at the C-terminus (dCT5) showed decreased colocalization
with Calnexin and increased colocalization with ERGIC marker LMANL1. S proteins lacking 16 and 39 amino
acids at C-terminus (dCT16 and dCT39) were localized at ERGIC or ER, respectively. Additionally, dCT5 and
dCT16 S proteins enhanced cell-cell fusion in HEK293T cells. Our results indicate that CT of SADS-CoV S
proteins regulates its subcellular localization.
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Genomic Characterization of Lumpy Skin Disease
Virus Isolates from Cattle and Giraffe in Vietnam

Taek Geun Lee?, Young-Seung Ko', Taek Geun Lee', Da-Yun Bae’, Yun-Chae Cho', Sang-Joon Lee?,
Sung-Hyun Moon?, Hu Suk Lee®, Won-Keun Kim*, Dae-Sung Yoo®, Yeonsu Oh?’, Ho-Seong Cho*"
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National University, Chuncheon 24341, Republic of Korea, >College of Veterinary Medicine, Chungnam
National University, Daejoen 34134, Republic of Korea, “Department of Microbiology, College of Medicine,
Hallym University, Chuncheon 24252, Republic of Korea, *College of Veterinary Medicine, Chonnam
National University, Gwangju 61186, Republic of Korea.

Lumpy Skin Disease (LSD) is a viral disease that primarily affects cattle, resulting in significant economic
losses in the livestock industry. The causative agent, Lumpy Skin Disease Virus (LSDV), belongs to the
Capripoxvirus genus within the Poxviridae family. Sequencing was performed using the Illumina MiSeq
platform. Post-sequencing, data quality control was conducted, host reads were removed, and Kraken2 was
utilized to confirm the presence of LSDV. De novo assembly yielded full genome sequences for two samples,
while the remaining four samples were analyzed through reference genome mapping. This study analyzed
six LSDV isolates collected from cattle and a giraffe in Vietnam. The sequences obtained from cattle were
closely related to other LSDV strains isolated from China and Vietnam, as were the sequences from a giraffe.
These were all clustered in the vaccine-derived recombinant strains cluster. In 2024, LSDV outbreaks
occurred across South Korea. This suggests that the virus, after becoming endemic in livestock, could be
introduced into zoos, threatening other animals such as giraffes and potentially other wildlife in South
Korea. Further research is needed to better understand the disease and protect both livestock and wildlife
from LSDV.

[Acknowledgements] This work was supported by Korea Institute of Planning and Evaluation for Technology
in Food, Agriculture and Forestry (IPET) through High-Risk Animal Infectious Disease Control Technology
Development Project, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) (RS-2024-
00399814) and (RS-2024-00400522).
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Autophagy Mediates CpG-ODN-Induced Survival
Improvement in Scrapie-Infected Mice
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!Department of Biomedical Gerontology, Graduate School of Hallym University, Chuncheon, Korea, 2llsong
Institute of Life Science, Hallym University, Seoul, Korea, *Department of Microbiology, College of Medicine,
Hallym University, Chuncheon, Korea

Prion disease, or transmissible spongiform encephalopathy, is characterized by a lack of immune response
due to self-tolerance. The role of the immune system in prion pathogenesis is unclear, with conflicting
evidence regarding its effects. The innate immune system, which is effective against various pathogens, has
shown promise in treating neurodegenerative conditions. CpG oligodeoxynucleotides (CpG ODN), which are
unmethylated cytidyl guanosyl oligonucleotides, stimulate the innate immune system via Toll-like receptor
9 (TLR9). Previous studies have indicated that CpG ODN increased survival in prion-infected mice, although
the underlying mechanisms and changes in immune cell populations are not well understood. In this study,
we employed an in vivo prion disease model to investigate the effects of CpG ODN on the immune system
and potential molecular pathways in 22L scrapie-infected mice. Mice injected with CpG ODN prior to 22L
scrapie infection demonstrated a significant 20-day increase in mean survival compared to vehicle-treated
controls. Flow cytometry analysis revealed that prion infection reduced the CD4 T cell population at 60 days
post-infection (dpi), a reduction that was mitigated in CpG ODN-treated mice. Furthermore, CpG
ODN-treated mice exhibited a higher CD8 T cell population, suggesting enhanced cytotoxic T cell activity and
CD4 T cell-mediated humoral immunity. Additionally, CpG ODN treatment was associated with reduced
PrP* deposition in spleen and brain homogenates at 60 dpi and 170 dpi, respectively. Notably, CpG
ODN-treated mice showed increased expression of phosphorylated AMPK (Tyrl72), indicating early
activation of the AMPK pathway involved in autophagy. To confirm these findings, we used a 22L-scrapie
infected neuronal cell system treated with CpG ODN. Consistent with the in vivo results, CpG ODN reduced
PrP* levels, an effect that was prevented by the autophagic inhibitor, Bafilomycin A1. These findings suggest
that a single administration of CpG ODN delays disease progression in scrapie-infected mice by modulating
the immune response and promoting autophagic clearance of PrP*. Further studies are ongoing to elucidate
further molecular pathways underlying CpG-mediated survival increase in prion disease [Grant: RS-2023-
00247903].
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Isolation of active compounds of Curcuma phaeocaulis
Valeton (Zingiberaceae) with anti-prion efficacy.

Jaehyeon Kim, Hakmin Lee, Hye Mi Kim, Sanghoon Byun, Ji Hoon Kim, Sungeun Lee, Chul Young
Kim, Chongsuk Ryou®

Department of Pharmacy, College of Pharmacy and Institute of Pharmaceutical Science and Technology,
Hanyang University, Ansan, Gyeonggi-do, Republic of Korea.

Prion disease is a fatal neurodegenerative diseases caused by the accumulation of abnormal prion protein
(PrPSc). There is currently no therapeutics for this disease, so that the development of therapeutics is
demanded. Various agents have been investigated to discover treatments for prion diseases. Previously, we
reported that Curcuma phaeocaulis Valeton (Zingiberaceae) (CpV) extract exhibited anti-prion efficacy, and
here we report the active compounds of CpV extract that inhibit PrPSc accumulation. To identify the active
compounds in CpV extract involved in prion inhibition, solvent fractionation was performed using n-hexane
(HX), ethyl acetate (EA), and water (DW). The main peak found in the CpV extract was present in the HX
fraction, which exclusively inhibited PrPSc accumulation in ScN2a cells. The main components in the HX
fraction of CpV were isolated using centrifugal partition chromatography. As a result, curcumenone,
curcumenol, and furanodienone were identified through spectroscopic analysis, such as mass spectrometry
and NMR. Curcumenol and furanodienone inhibited the accumulation of PrPSc in ScN2a cells in a
concentration-dependent manner. This study demonstrates a successful isolation of active compounds
from CpV extract and suggests that the potential of natural products in the search for effective treatments
against prion diseases.
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The effect of cellular prion protein ablation in mice
behavior

Sanghoon Byun, Sungeun Lee, Hyeri Kim, Yoonjeong Lee, Miryeong Yoo, Jaehyeon Kim, Yoochan
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Department of Pharmacy, College of Pharmacy and Institute of Pharmaceutical Science and Technology,
Hanyang University, Ansan, Gyeonggi-do, Republic of Korea.

The cellular prion protein (PrPS) is a membrane anchored protein encoded by the Prnp gene. Scrapie prion
protein (PrP*), a misfolded isoform of PrPS, is infectious, causing neurodegenerative conditions in the hosts.
Although a successful prion propagation requires PrP expression in the hosts, the normal physiological
functions of PrP® remain elusive. To understand this, many studies attempted to knock out the Prnp gene in
mice using various strategies and studied their phenotypes, including the behavioral changes. Previous
studies of Prnp null mice (Zurich | line) have evaluated anxiety, cognitive function, and motor function
through behavioral assessments such as elevated plus maze (EPM), water maze and openfield (OF) tests.
The results showed decreased anxiety, and cognitive and associated learning deficits, but a conflicting
increase or decrease of motor function depending on studies conducted by different laboratories. However,
Zurich | line was generated from embryonic stem cells derived from the 129 strain of laboratory mice, and
the line was maintained in non-129 backgrounds, which may cause genetic confusion in comparison with
the wild type. Therefore, a new Prnp null mice (Zurich Ill line) was introduced, considering the genetic
background problem of the previous PrP“-ablated mouse line. In this study, we performed four types of
behavioral assessments (EPM, OF, Novel Object Recognition, and Y-maze) in 2- and 6-month-old Zurich IlI
mice to investigate the effects of PrP¢ ablation on animal behavior. When compared to wild type, ZH3 mice
demonstrated no significant difference in these behavior assessments.
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Amplicon-based Next-generation Sequencing
Resolves Molecular Diagnostics and Genomic
Characterization of Severe Fever with
Thrombocytopenia Syndrome Virus in Patients
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Republic of Korea, *Department of Microbiology, Korea University College of Medicine, Seoul, the Republic
of Korea, °BK21 Graduate Program, Biomedical Sciences, Korea University College of Medicine, Seoul, the
Republic of Korea, “Institute of Medical Science, College of Medicine, Hallym University, Chuncheon, the
Republic of Korea, ®Division of Infectious Diseases, Department of Internal Medicine, Chuncheon Sacred
Heart Hospital, Hallym University College of Medicine, Chuncheon, the Republic of Korea

'Sara P. Prayitno and Yeong Geon Cho contributed equally to the study.

Severe fever with thrombocytopenia syndrome virus (SFTSV) poses a growing threat with an escalating risk
of infection in Asia and the United States, owing to the expanding range of its natural host, Haemaphysalis
longicornis. Accurate and rapid molecular diagnosis of SFTSV is crucial for clinical decision-making and the
reduction of fatality rates.

In this study blood samples of 17 suspected SFTS patients were collected at Chuncheon Sacred Heart
Hospital between September and December 2022. SFTSV diagnosis was carried out using two distinct
RT-gPCR assays: RT-qPCR/GIHE from Gangwon-do Institute of Health and Environment and RT-gPCR/AMC
from Asan Medical Center. Furthermore, amplicon-based MinlON sequencing was employed to resolve the
RT-qPCR disparities.

SFTSV was detected by RT-qPCR/GIHE exclusively in two samples (N39 and N50), whereas RT-gPCR/AMC
identified SFTSV in N39, N50, and an additional 11 samples, with four samples showing negative results.
Amplicon-based MinlON sequencing enabled nearly whole-genome sequencing of SFTSV in samples N39
and N50. Viral reads were recovered in five of the 11 discordant RT-gPCR/AMC-positive samples, with the
remaining six showing no detectable SFTSV genome reads. Phylogenetic analysis unveiled that SFTSV N39
belonged to genetic lineage A in all segments, while SFTSV N50 was clustered with the B-1 sub-genotype for
the L segment and the B-2 sub-genotype for the M and S segments, indicating genetic reassortment.

This study highlights the robust sensitivity of amplicon-based MinlON sequencing in directly detecting SFTSV
in clinical samples containing ultralow viral genome copies. These findings emphasize the potential of
next-generation sequencing techniques in resolving SFTSV diagnostic disparities, enhancing diagnostic
capacity, and our understanding of the risk associated with emerging SFTSV infections.
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Genomic Characterization and Zoonotic Potential
Prediction of Chikungunya Virus from a Korean
Traveler in Thailand using MinlON Sequencing
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Intoduction: The Chikungunya virus (CHIKV), which is transmitted by Aedes mosquitoes, is an emerging virus
that is currently presenting a significant global health threat. International human travel has played a pivotal
role in facilitating the spread of this virus to non-endemic regions. Consequently, it is of utmost importance
to conduct genomic analysis of CHIKV strains originating from diverse geographical locations in order to
acquire a comprehensive understanding of its evolutionary patterns and transmission dynamics.

Methods: Following a patient who showed symptoms of Chikungunya fever returning from Thailand,
detailed clinical and laboratory assessments were undertaken, complemented by MinlON sequencing of the
viral RNA. The viral RNA was extracted from the patient's specimen and subsequently subjected to MinlON
sequencing. A comprehensive bioinformatics analysis was conducted to genotype the genome sequence of
CHIKV. Further analysis was conducted using zoonotic prediction program by machine-learning model,
called virpipe.

Results: The CHIKV strain's near-complete genome sequence was successfully determined, with this
particular sequence representing the initial documented instance of whole-genome sequencing of CHIKV in
South Korea. The imported CHIKV was East/Central/South African lineage with a high zoonotic risk. Through
the process of genetic analysis and zoonotic potential assessment, significant observations have been made
regarding the viral genome, providing insights into genotype and monitoring of virus.

Conclusions: The discoveries made in this study underscore the significance of real-time virus surveillance
in monitoring the emergence and spread of virus to non-endemic area. The identification of CHIKV in South
Korea emphasizes the need for robust monitoring systems and preparedness strategies. This study serves as
a demonstration of how next-generation sequencing can be utilized to elucidate the molecular
epidemiology of pathogens that are disseminated globally.
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Generation of rescued Japanese encephalitis virus
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Department of Biological Sciences, Kongju National University, Chungcheongnam-do, 32588, Republic of
Korea, *Department of Biomedical Science and Engineering, Konkuk University, Seoul, 05029, Republic of
Korea

Japanese encephalitis virus (JEV) is a pathogen responsible for high mortality and morbidity rates among
children with encephalitis. Since JEV genotype 1 (Gl) is the most prevalent strain in South Korea these days,
corresponding research and vaccine development is urgently required. Molecular genetic studies on JEV
vaccines can be boosted by obtaining genetically stable full-length infectious JEV complementary DNA
(cDNA) clones. Furthermore, the significance of the reverse genetics system in facilitating molecular
biological analyses of JEV properties has been demonstrated. This study constructed a recombinant JEV-GI
strain using a reverse genetics system based on a Korean wild-type Gl isolate (KO5GS). RNA extracted from
JEV-GIl was used to synthesize cDNA, a recombinant full-length JEV clone, pTRE-JEVGI, was generated from
the DNA fragment, and the virus was rescued. We performed in vitro and in vivo experiments to analyze the
rescued JEV-GI virus. The rescued JEV-GI exhibited similar characteristics to wild-type JEV. These results
suggest that our reverse genetics system can generate full-length infectious clones that can be used to
analyze molecular biological factors that influence viral properties and immunogenicity. Additionally, it may
be useful as a heterologous gene expression vector and help develop new strains for JEV vaccines.
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N-linked Glycosylation Modifications for a Better
Influenza Vaccine in H3N2 Hemagglutinin
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!Department of Microbiology, the Institute of Viral Diseases, Korea University College of Medicine, Seoul,
02841, Republic of Korea, *Vaccine Innovation Center, Korea University College of Medicine, Seoul, 02841,
Republic of Korea

The H3N2 influenza A virus remains a significant global health concern, demands better vaccine to cover its
antigenic variants due to the ongoing risk of vaccine mismatch. Hemagglutinin (HA), a major viral surface
glycoprotein, facilitates viral attachment and entry, enabling it an attractive vaccine antigen. Here, we
propose a strategy to enhance the cross-reactivity of H3N2 vaccine by modifying N-linked glycosylation
(NLG) sites on HA. Through NLG modifications at specific sites on the HA protein of the vaccine candidates,
we aim to induce immune redirection towards the production of broadly neutralizing antibodies capable of
binding and neutralizing H3N2 variants. This approach has been confirmed through in vivo efficacy in mice
following immunization with the inactivated virus vaccine, demonstrating elicited cross-reactive antibodies.
Our results suggest that NLG modification, as a strategy for developing better vaccines, shows promise in
reducing the impact of seasonal influenza outbreaks due to vaccine mismatch, represents a promising
avenue towards the development of a universal influenza vaccine.
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pan-serotype dengue virus antigens
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The Dengue virus, infecting approximately 100-400 million people annually, is the causative agent of dengue
hemorrhagic fever. Among the four different serotypes, primary infection by any type of the dengue virus
does not typically cause severe disease. However, secondary infection with a different serotype can result
in severe illness through antibody-dependent enhancement. Therefore, diagnosing dengue virus infection
with both serotype-specific and pan-serotype detection is crucial. To address this need, our study designed
antigen candidates for both serotype-specific and pan-serotype detection using Al-driven and
computational in-silico bioinformatic approaches. We chose the envelope (E) protein as a target antigen due
to itsimmunodominance and suitability for pan-serotype antigen development. We collected 576 envelope
(E) protein sequences from the past decade from the NCBI database and aligned them by each serotype,
then selected four consensus sequences for serotype-specific antigens, considering viral evolutionary and
immunological perspectives using in-house R scripts and machine learning tools Bepipred 3.0, Discotope
3.0, and Seppa 3.0. For the pan-serotype antigen, we generated a chimeric envelope composed of a
stem-EDIII backbone with substituted EDI and EDII domains from different serotypes, evaluating the
protein's stability, molecular dynamics, maintenance of B cell epitopes, and docking properties with
previously identified dengue virus antibodies using in-silico bioinformatic tools. Our pan-serotype antigens
demonstrated high stability, retaining an average of 89.1% of predicted B cell epitopes, and the key residues
of docking sites with the antibodies were conserved.
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Portable RT-LAMP-Based SFTSV Diagnostic System:
Enabling Simple, Rapid Diagnosis in Primary Care
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Severe Fever with Thrombocytopenia Syndrome Virus (SFTSV) is a tick-borne pathogen that causes severe
clinical outcomes and a high mortality rate, posing a significant public health threat, particularly in East Asia.
Rapid and accurate diagnosis is crucial for effective disease management and outbreak control. This study
introduces a Portable Reverse Transcription Loop-Mediated Isothermal Amplification (RT-LAMP) platform
that employs the Revosketch device, isoQuark M4, for real-time SFTSV detection, offering a tablet-based
and user-friendly solution for resource-limited settings. The RT-LAMP assay is simple, rapid, and specific
with a detection limit of 500 RNA copies/L. It detects multiple SFTSV genotypes within 20 minutes without
cross-reactivity with other infectious agents. Clinical evaluations revealed consistent SFTSV detection,
comparable to a commercial RT-gqPCR kit, confirming its reliability. The improved tablet interface of the
Revosketch device simplifies the diagnostic process and reduces the need for specialized training. Given
SFTSV’s higher infection risk in rural and agricultural areas, this diagnostic system is advantageous for use in
small medical facilities. It enables wide accessibility, rapid diagnosis, and cost-effectiveness, facilitating early
diagnosis and treatment. Additionally, it contributes to establishing a Point-of-Care Testing (POCT) system
on site. This novel diagnostic tool holds significant potential for enhancing SFTSV surveillance and outbreak
response, thereby contributing to improved public health outcomes.
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MRNA-LNP based neutralizing antibody for Severe
Fever with Thrombocytopenia Syndrome (SFTS)
Vvirus
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Hye Won Kwak®, Daegeun Kim>, Hyo-Jung Park™?, Sang-Myeong Lee*, Nam-Hyuk Cho?, Jae-Hwan
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The Catholic University of Korea, Bucheon, Republic of Korea, BK21 plus Department of Biotechnology, The
Catholic University of Korea, Gyeonggi-do, Bucheon, Republic of Korea, *Department of Biomedical
Sciences, Seoul National University College of Medicine, Seoul, Republic of Korea, “Chungbuk National
University, Cheongju, Republic of Korea, *SML Biopharm, Gwangmyeong, Republic of Korea, PanGen
Biotech Inc, Suwon, Republic of Korea.

Severe Fever with Thrombocytopenia Syndrome virus (SFTSV), first identified in China in 2009, is a tick-borne
virus that causes severe illness characterized by high fever, thrombocytopenia, and can be fatal. Despite its
high mortality rate, there are currently no approved vaccines or therapeutic agents available. This study
aimed to develop an effective antibody-based therapeutic by expressing SFTSV neutralizing antibodies in
vivo using an mRNA-LNP platform. Our results show that the mRNA-LNP-based therapeutic candidate
induced a robust production of neutralizing antibodies against SFTSV, specifically binding to the viral
glycoprotein Gn. Upon intravenous administration, antibody levels reached approximately 10-15 pg/ml and
persisted for over a week. focus reduction neutralization tests (FRNT) revealed a potent neutralizing activity
against SFTSV infection. Furthermore, in vivo challenge studies using both wild-type and IFNAR-/- mice
showed that the mRNA-based antibody therapy effectively protected against SFTSV infection. Additionally,
viral titers in tissues were significantly reduced compared to the control group. These findings suggest that
the mRNA-LNP-based SFTSV neutralizing antibody has the potential to be developed into a novel
therapeutic approach for SFTSV infection. Further clinical trials are warranted to evaluate its safety and
efficacy.
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The recent expansion of chemical libraries, now exceeding a billion molecules, necessitates more efficient
virtual screening techniques. Computer-aided drug discovery (CADD) has facilitated the examination of
these vast libraries. However, despite growing interest in protein targets, efforts focusing on viral disease
proteins remain limited. Given the persistent threat of emerging diseases, establishing robust antiviral
targeting pipelines is crucial. To address this challenge, we developed a novel virtual screening approach to
filter ultra-large chemical libraries using a uniquely designed pipeline that synchronizes structure-based and
ligand-based predictions with iterative docking score calculations. Our approach introduces innovative
concepts such as pharmacophore clustering and the creation of drug building blocks. The process involves
several key stages: molecular library preparation, random sampling, ligand and receptor preparation,
molecular docking, model training, model inference, residual docking, ligand clustering, molecular
dynamics, pharmacophore extraction, ADME-T verification, and building block library creation for each viral
protein. Initially, we targeted segmented negative-sense RNA viruses (sSNSRVs), which include significant
human and animal pathogens like SFTSV and LASV. By focusing on their common protein structures,
particularly viral RNA-dependent RNA polymerase, endonuclease domain, and cap-binding domain, we
selected antiviral candidates exhibiting cross-reactivity or synergistic effects. Our Al-driven virtual screening
strategy enables the rapid, cost-effective exploration and categorization of vast chemical spaces,
pinpointing potential hits for SNSRVs. By establishing drug building-block databases, we aim to enhance
preparedness for combating Disease X and other emerging viral threats.
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Caboxamycin Has a Strong Antiviral Effect in
CVB3-induced Myocarditis Mouse Model

Hong-Gi Kim", Ha-Eun Jeon?, Sang-Jip Nam?’, Byung-Kwan Lim""

!Department of Biomedical Science, Jungwon University, Goesan-gun, Chungbuk, 367-805, Korea,
’Department of Chemistry and Nano Science, Ewha Womans University, Seoul, 120-750, Korea

Coxsackievirus B3 (CVB3) is one of the most common pathogens that cause myocarditis in humans.
However, a sufficient therapeutic drug was not developed, yet. Caboxamycin, a benzoxazole antibiotic, was
isolated from the culture broth of the marine strain Streptomyces sp. NTK 937. We would confirm whether
caboxamycin has an antiviral effect in the CVB3-infected Hela cells and CVB3-induced myocarditis mouse
model. Caboxamycin (100 ug/ml) significantly inhibited CVB3 VP1 production and cleavage of translation
factor elF4G1 from CVB3-infected Hela cells. Moreover, virus RNA genome amplification was dramatically
reduced by caboxamycin (100ug/ml) treatment in Hela cells. The caboxamycin cardiac protective effect was
confirmed on CVB3-mediated myocarditis. CVB3 was injected intraperitoneally (IP) into mice with or
without caboxamycin treatment. Caboxamycin was injected into IP for 5 consecutive days. The
caboxamycin-treated mice survival was significantly increased compared to untreated mice (treated vs
untreated, 90 vs 50%). Heart histologic findings showed that myocardium damage and inflammation were
significantly decreased by caboxamycin treatment. Caboxamycin directly inhibited caspase3 activity and
cardiac myocytes apoptosis. These results suggested that caboxamycin strongly suppressed cardiac
myocyte apoptosis and effectively inhibited the proliferation of CVB3 from in vitro and in vivo conditions.
Caboxamycin may be applied to develop a new antiviral drug for CVB3-induced myocarditis.
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HSV-1 Deubiquitinase UL36 Enhances Viral
Replication Through Stabilization of the ICPO Protein

Tae Hyoung Kim® and Eui Tae Kim*%>"
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Republic of Korea, 3Jeju Research Center for Natural Medicine, Jeju National University Core Research
Institute, Jeju, Republic of Korea

Herpes simplex virus type 1 (HSV-1) utilizes various mechanisms to evade host immune responses and
establish successful infection. In this study, we explored the role of the HSV-1 deubiquitinase (DUB) UL36,
a leaky late protein, in modulating the function of the viral E3 ligase ICPO. Using CRISPR technology, we
engineered the UL36 gene under the control of an artificial CMV promoter, facilitating its early expression
during infection without requiring a complementing cell line. This modification led to a notable increase in
viral growth, with more than a 10-fold enhancement compared to the wild-type virus. To further elucidate
the mechanisms involved, we analyzed the accumulation of viral proteins in infected cells. Western blotting
revealed a significant rise in levels of several viral proteins, including ICP0. Co-transfection experiments with
plasmids encoding ICPO and the UL36 DUB domain showed that UL36 inhibits the auto-ubiquitination of
ICPO, thereby enhancing its stability. Additionally, in cells infected with the UL36-engineered virus, we
observed more rapid and efficient degradation of known ICPO targets, such as PML, DNA-PKcs, and SLFN5,
compared to cells infected with the wild-type virus. Previous studies have demonstrated that UL36 DUB
activity cleaves ubiquitin chains from 1kBa, TRAF3, and STING, resulting in reduced NF-kB and interferon
signaling. Our findings indicate that UL36 also regulates ICPO function by cleaving ubiquitin chains, revealing
a novel mechanism for modulating viral proteins. This study highlights the multiple roles of UL36 in HSV-1
infection and provides new insights into the complex interactions between viral proteins that promote viral
replication and counteract the host's antiviral defenses.

Abstracts of Poster _ 129



8

9 2024 A7\ Wy[ehayz|

E——

Human Cytomegalovirus Harnesses Host L1
Retrotransposon for Efficient Replication
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Hospital and Harvard Medical School, Boston, MA 02115, USA, *Department of Biomedical Informatics,
Harvard Medical School, Boston, MA 02115, USA, ®Broad Institute of MIT and Harvard, Cambridge, MA
02115, USA, "Manton Center for Orphan Disease Research, Boston Children’s Hospital, Boston, MA 02115,
USA, ®Bioinformatics Institute, Seoul National University, Seoul 08826, Republic of Korea, °BK21 FOUR
Intelligence Computing, Seoul National University, Seoul 08826, Republic of Korea, °Department of
Computer Science and Engineering, Seoul National University, Seoul, 08826, Republic of Korea

These authors contributed equally to this work.

Genetic parasites, including viruses and transposons, exploit components from the host for their own
replication. However, little is known about virus-transposon interactions within host cells. Here, we discover
a strategy where human cytomegalovirus (HCMV) hijacks L1 retrotransposon encoded protein during its
replication cycle. HCMV infection upregulates L1 expression by enhancing both the expression of
L1-activating transcription factors, YY1 and RUNX3, and the chromatin accessibility of L1 promoter regions.
Increased L1 expression in turn promotes HCMV replicative fitness. Affinity proteomics reveals UL44, HCMV
DNA polymerase subunit, as the most abundant viral binding protein of the L1 ribonucleoprotein (RNP)
complex. UL44 directly interacts with L1 ORF2p, inducing DNA damage responses in replicating HCMV
compartments. While increased L1-induced mutagenesis is not observed in HCMV for genetic adaptation,
the interplay between UL44 and ORF2p accelerates viral DNA replication by alleviating replication stress.
Our findings shed light on how HCMV exploits host retrotransposons for enhanced viral fitness.
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Cytomegalovirus Infection Promotes
Atherosclerosis via Macrophage and Smooth Muscle
Cell Inflammation

Nuri Park, Jae Bong Lee, Jun-Young Seo’

Department of Biomedical Sciences, Graduate School of Medical Science, Brain Korea 21 Project, Yonsei
University College of Medicine, Seoul 03722, Republic of Korea

Atherosclerosis, a chronic inflammatory disease, is a leading global cause of mortality. While its association
with traditional risk factors is well-established, emerging evidence implicates viral infections in disease
progression. Human cytomegalovirus (HCMV) is a ubiquitous pathogen linked to accelerated atherosclerosis,
yet the underlying mechanisms remain unclear. To investigate this, we utilized ApoE-deficient mice, a model
of atherosclerosis, infected with murine cytomegalovirus (MCMV). Mice fed a Western diet and
concurrently infected with MCMV exhibited significantly larger atherosclerotic lesions compared to
uninfected controls. Our findings suggest that CMV infection exacerbates atherosclerosis through an
inflammatory mechanism. In vitro studies demonstrated that CMV infection of macrophages and smooth
muscle cells, key players in atherogenesis, resulted in increased secretion of pro-inflammatory cytokines.
These data highlight CMV as a potential risk factor for atherosclerosis and identify macrophage and smooth
muscle cell inflammation as critical contributors to disease progression. Ongoing research aims to elucidate
the specific molecular pathways involved.
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Inhibition of HCMV Replication by Ligands that Bind
to G-quadruplex in Viral Lytic Replication Origin

Daegyu Park?, Woo-Chang Chung”, Shuang Gong, Jin-Hyun Ahn”

Department of Microbiology, Sungkyunkwan University School of Medicine, Suwon 16419, Republic of
Korea

G-quadruplex (G4) structures are found in eukaryotic cell replication origins, but their role in origin function
remains unclear. We recently found that G4 is an essential structural element in the lytic replication origin,
oriLyt, of human cytomegalovirus (HCMV) and that the viral replication factors, such as UL84, IE2, and UL44,
target to oriLyt G4. Here, we investigated whether the G4-binding ligands affect the G4 binding by viral
replication factors. In enzyme-linked immunosorbent assays, UL84, UL44, and IE2 bound to a parallel G4 in
oriLyt with dissociation constant (Kd) values of 14.17, 25.46, and 123.1 nM, respectively. Treatment of
G-quartet binding G4-ligands TMPyP4, BRICO19, and PDS inhibited the G4 binding by UL84, showing
inhibitory concentrations (ICso) of 1.33, 1.38, and 0.30 uM, respectively. For UL44 and IE2, TMPyP4
effectively inhibited G4 binding with an IC50 of 0.03 and 4.31 pM, but NMM, BRACO19, and PDS did not
exhibit a robust inhibitory effect. A G4 groove binder Peimine did not inhibit the G4 binding by UL84, UL44,
and IE2, suggesting that G-quartet binding may be more important than groove binding in recognition of the
oriLyt G4. TMPyP4, BRACO19, and PDS effectively suppressed the replication of oriLyt plasmids, whereas
NMM only marginally did so, demonstrating that the orilyt activation during HCMV infection can be
regulated by specific G4-binding ligands. The Epstein-Barr virus orilyt core element required for DNA
replication formed a stable G4 that could substitute for the oriLyt G4 in HCMV. Our findings demonstrate
that G4 in HCMV orilyt plays an essential role in viral DNA replication by recruiting viral replication factors,
and suggest that G4 targeting by viral replication factors can be controlled by G4 ligands.
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HCMV UL38 Regulates LINE-1 Expression by
Modulating KAP1 Phosphorylation through the
mTOR Pathway
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Long interspersed element-1 (LINE-1) is a retrotransposon comprising approximately 17% of the human
genome through a mechanism of replication and insertion. Our previous studies have demonstrated that
LINE-1 expression increases upon infection with Human Cytomegalovirus (HCMV), a B-herpesvirus
exploiting host environment using its genetic product. However, the specific HCMV viral factors regulating
LINE-1 expression and the underlying mechanisms remain unclear. Here, we found that LINE-1 expression
is upregulated by the phosphorylation of KAP1, a key epigenetic regulator of LINE-1, following HCMV
infection. Phosphorylation of KAP1 is promoted by the activation of the mTOR pathway during HCMV
infection. We constructed an HCMV mutant with a deletion of UL38, a viral activator of the mTOR pathway.
Although the deletion of UL38 did not affect the expression of viral genes, the KAP1 phosphorylation and
LINE-1 expression induced by HCMV infection were significantly reduced in the AUL38 viruses compared to
the wild-type viruses. Our findings suggest that HCMV UL38 affects the expression level of LINE-1 by
modulating KAP1 phosphorylation through the regulation of the mTOR pathway.
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Antibody-Dependent Cellular Phagocytosis as a
Valuable Evaluation Method for Varicella Vaccine
Immunogenicity
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Although vaccine-induced antibodies have several functions, generally the amounts of neutralizing
antibody and total antibody are evaluated for vaccine immunogenicity. Recent research highlights
Fc-receptor-dependent antibody effector functions, particularly antibody-dependent cellular phagocytosis
(ADCP), in eliminating infected cells. This study evaluated the ADCP activity of varicella or zoster
vaccines-induced antibodies. ADCP was measured using VZV-infected-MRC-5-cells as a target and
M1-differentiated-U937-macrophages as an effector cells, with 120 pre- and post-vaccination sera: live
attenuated varicella vaccine (LAV) for 12~15 months-old infants, live attenuated zoster vaccine (Zostavax)
and recombinant zoster vaccine (Shingrix) for adults. VZV antibody titers were measured using the VZV
glycoprotein enzyme-linked immunosorbent assay (gpEIA) and Fluorescent-Antibody-to-Membrane-
Antigen (FAMA) assay.

The ADCP, gpEIA GMTs, and FAMA titer of pre-vaccinated LAV samples were all negative levels. In contrast,
more than 98.5% of Korean adults have immunity to VZV. Both of the pre-vaccinated Zostavax and Shingrix
groups were similar, with ADCP at 27.0% and 28.9%, FAMA titer at 78.8 and 87.4, and gpEIA GMTs at 509.6
mlU/mL and 609.6 mlU/mL, respectively. Four to six weeks post-immunization, ADCP activity increased to
36.8% (LAV), 40.8% (Zostavax), and 51.5% (Shingrix). Post-vaccination FAMA titers were increased to 238.8,
215.3, and 776 in LAV, Zostavax, and Shingrix groups, respectively. Therefore, the ADCP activity and FAMA
were not significantly different between children and adults immunized with same live attenuated VZV
vaccines. However, gpEIA GMTs were significantly higher in adults (Zostavax: 1,670.3 mIU/mL, Shingrix:
10,428.9 mlU/mL) than in children (LAV: 149.5 mIU/mL).

Interestingly, 1gG1 and 1gG3 subclass antibodies showed different expression patterns in children and
adults. 1gG1 was significantly higher in adults (p<0.0001): the LAV (0.13), Zostavax (1.05), and Shingrix (2.38).
However, 1gG3 was significantly higher in children (p<0.0001): the LAV (0.3), Zostavax (0.15), and Shingrix
(0.07). ADCP was also strongly correlated with FAMA titers (r=0.97 for LAV, r=0.81 for Zostavax, and r=0.89
for Shingrix; p<0.0001).

These findings indicate that ADCP mediated by IgG3 subclass might play an important role in children for the
clearance of virus infected cells. ADCP could be a valuable evaluation method for varicella vaccine, which
elicits low CD8 T cell responses.

This research was supported by a grant (23202MFDS136) from Ministry of Food and Drug Safety in 2023.
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Varicella Zoster Virus Glycoprotein E Facilitates
PINK1/Parkin-mediated Mitophagy to Evade STING
And MAVS-mediated Antiviral Innate Immunity
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and Immunological Diseases, Yonsei University College of Medicine, Seoul, Republic of Korea, *Department
of Microbiology, Sungkyunkwan University School of Medicine, Suwon, Republic of Korea, “Department of
Microbiology, College of Medicine, Yeungnam University, Daegu, Republic of Korea, *Department of
Translational Biomedical Sciences, Graduate School of Dong-A University, Busan, Republic of Korea

Viruses have evolved to control mitochondrial quality and content to facilitate viral replication. Mitophagy
is a selective autophagy, in which the damaged or unnecessary mitochondria are removed, and thus
considered an essential mechanism for mitochondrial quality control. Although mitophagy manipulation by
several RNA viruses has recently been reported, the effect of mitophagy regulation by varicella zoster virus
(VZV) remains to be fully determined. In this study, we showed that dynamin-related protein-1
(DRP1)-mediated mitochondrial fission and subsequent PINK1/Parkin-dependent mitophagy were
triggered during VZV infection, facilitating VZV replication. In addition, VZV glycoprotein E (gE) promoted
PINK1/Parkin-mediated mitophagy by interacting with LC3 and upregulating mitochondrial reactive oxygen
species. Importantly, VZV gE inhibited MAVS oligomerization and STING translocation to disrupt MAVS- and
STING-mediated interferon (IFN) responses, and PINK1/Parkin-mediated mitophagy was required for VZV
gE-mediated inhibition of IFN production. Similarly, carbonyl cyanide m-chlorophenyl hydrazone
(CCCP)-mediated mitophagy induction led to increased VZV replication but attenuated IFN productionin a
three-dimensional human skin organ culture model. Our results provide new insights into the immune
evasion mechanism of VZV gE via PINK1/Parkin-dependent mitophagy.
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Increased GSDME activation and pyroptosis induced
by chemotherapeutic agents in EBV-positive gastric
cancer

Min-Hyeok Lee, Ju Yeon Lee, Suk Kyeong Lee”

Department of Medicine, College of Medicine, Catholic University, Seoul, Korea

Epstein-Barr virus (EBV) employs various strategies to evade the host immune system and maintains host
cell survival by inhibiting cell death mechanisms such as apoptosis and necroptosis during latent infection.
Recent studies have shown that pyroptosis, a type of programmed cell death, is induced when
chemotherapeutic drugs activate caspase-3, which then cleaves Gasdermin E (GSDME). We investigated the
role of GSDME in pyroptosis of EBV-associated gastric carcinoma (EBVaGC). Analyzing TCGA data revealed
that the expression of GSDME, a key gene in pyroptosis, is decreased in EBVaGC than in EBV-negative gastric
carcinoma (EBVnGC) patients. Similarly, GSDME expression was found to be reduced in EBV-positive GC cell
lines compared to EBV-negative GC cell lines. In addition, in MKN1-EBV cells, paclitaxel treatment increased
the cleavage of caspase-3 and GSDME compared to MKN1 cells. To validate the increase in GSDME activity
in EBVaGC, we over-expressed GSDME in AGS and AGS-EBV cell lines, which have very low GSDME
expression, and treated them with paclitaxel. The results showed further increased GSDME cleavage in
AGS-EBV cells compared to AGS cells. As a result of GSDME activation, characteristics of pyroptosis, such as
LDH release and membrane blebbing, were observed to be increased in EBV-positive gastric cancer cell lines
compared to EBV-negative cell lines following paclitaxel. In conclusion, GSDME expression is decreased in
EBVaGC, but paclitaxel treatment enhances GSDME activity and induces pyroptosis. This suggests that EBV
regulates GSDME-mediated pyroptosis.
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Genome-wide screening of HCMV latency regulator

Hyewon Kim, Dongjoon Jeong, Kwangseog Ahn’
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Human cytomegalovirus (HCMV) is a ubiquitous B-herpesvirus, which infects more than half of the global
population. Once HCMV enters the host, it infects monocytes or its progenitor cells and then hides its
presence through a highly ordered and extreme repression of viral replication, which is called latency. HCMV
latency is a key mechanism of its lifelong settlement and replication in host organisms Although productive
infection of HCMV is well characterized, how HCMV latency is stably maintained in host cells is largely
unknown. Here, using a CRISPR knockout-based screen, we are investigating the host and viral factor critical
for HCMV latency. We used 2 different sgRNA libraries: the human genome-wide knockout library targeting
19,114 genes, and the viral genome knockout library designed to target the entire viral genome. Throughout
the time course of latency, we monitored expressions of mCherry and |E2-GFP, representing the
latency-independent and dependent markers, respectively. We found different fates of latency
distinguished by the expression of each marker: stable latency (IE2-GFP low), and abortive latency (IE2-GFP
high). We analyzed guide RNAs enriched in each population and found the potential fate-determining
factors from host and virus. Our finding will provide clues to understanding the mechanism of HCMV latency,
and we expect that the latency fate-determining factors could be a drug target for a new type of therapy, a
safer way to clear out the HCMV reservoir.
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MORC2-Mediated Hijacking of Host DNA Repair
Machinery by HCMV for Efficient Replication
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Human Cytomegalovirus (HCMV), also known as Human Herpesvirus 5 (HHV-5), triggers the DNA Damage
Response (DDR). The activation of DDR is crucial as it facilitates viral DNA replication and ensures the
successful completion of the viral life cycle. Despite its recognized importance, the mechanisms by which
viruses promote replication through DDR are not yet fully understood. MORC2, involved in chromatin
remodeling and DNA repair, emerges as a key player in DDR activation and viral DNA repair during HCMV
infection. HCMV infection elevates MORC2 levels, significantly contributing to DDR induction. Depletion of
MORC2 reduces H2AX phosphorylation within the viral genome and impairs the recruitment of repair
proteins, thereby inhibiting viral replication. This study sheds light on the intricate interplay between HCMV
and host DDR, offering insights that could lead to therapeutic interventions targeting the viral life cycle.
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Antiviral Effects of Ethanolic Extract from Tagetes
Erecta Linn. Against HIN1 Influenza A Virus

Aleksandra Nowakowska, Minjee Kim, Jaebum Kim, Young Bong Kim”

Department of Biomedical Science and Engineering, Konkuk University, Seoul, Republic of Korea

It is predicted that the Influenza virus is most likely to spark the next pandemic. Having learned the lesson
from the previous COVID-19 outbreak, the leading scientists are trying to prepare new therapeutics in
advance. Since plant-based products remain a valuable source of promising antiviral compounds many
novel anti-influenza drug candidates have their origins in traditional medicine. In our study, we evaluate the
anti-influenza properties of Tagetes Erecta Linn ethanol extract known for its antioxidant and
autoinflammatory character. Based on the bioinformatics analysis we defined active extract components,
their potential anti-viral targets, and influenza-associated pathways. Performed In Vitro experiments
proved that the TE extract exerted a therapeutic rather than prophylactic effect, showing ECs, value >76
pg/mL and reaching the Selectivity Index (SI) value >30 in the post-treatment assay.
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Viperin Modulates Host Response to SARS-CoV-2
Infection

Nae-Ok Koo, Jun-Young Seo”

Department of Biomedical Sciences, Graduate School of Medical Science, Brain Korea 21 Project, Yonsei
University College of Medicine, Seoul 03722, Republic of Korea

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a positive-sense single-stranded RNA virus
responsible for the COVID-19 pandemic. First reported in China in December 2019, it has spread globally
causing over 7 million deaths by June 2024. Host cells combat SARS-CoV-2 infection by inducing innate
immune responses which lead to the expression of numerous interferon-stimulated genes (ISGs), many of
which exhibit antiviral properties. Recently, it has been reported that I1SG54 deficient mice increase
SARS-CoV-2 infection, suggesting the importance of antiviral functions of ISGs. However, SARS-CoV-2 has
evolved mechanisms to evade these host defenses. Viperin, an ISG, has been implicated in antiviral
responses through its ability to catalyze the conversion of cytidine triphosphate (CTP) to 3'-deoxy-3',4’
-didehydro-CTP (ddhCTP) which acts as a chain terminator for the RNA-dependent RNA polymerase (RdRp)
during flavivirus replication. Surprisingly, ddhCTP treatment does not inhibit SARS-CoV-2 replication,
suggesting alternative antiviral mechanisms for viperin. Here, we showed that viperin has multiple functions
during SARS-CoV-2 infection. This protein regulated expression of other ISGs and lipid synthesis. While
previously reported to generate ddhCTP, our findings indicate that this function is not critical for its antiviral
activity against SARS-CoV-2. Given SARS-CoV-2's dependence on host lipid metabolism for replication and
its capacity to evade innate immunity, we are currently investigating viperin’s role independent of ddhCTP
production in SARS-CoV-2 infection.
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Evaluation of the Antiviral Efficacy of Subcutaneous
Nafamostat Formulated with Glycyrrhizic Acid
against SARS-CoV-2 in a Murine Model
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of Biotechnology, Chungnam National University, Daejeon 34134, Republic of Korea, “Department of
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The ongoing COVID-19 pandemic highlights the urgent need for effective antiviral agents and vaccines. Drug
repositioning, which involves modifying existing drugs, offers a promising approach for expediting the
development of novel therapeutics. In this study, we developed a new drug, MDB-MDB-601a-NM, by
modifying the existing drug nafamostat (NM) with the incorporation of glycyrrhizic acid (GA). We assessed
the pharmacokinetic profiles of MDB-601a-NM and nafamostat in Sprague-Dawley rats, revealing rapid
clearance of nafamostat and sustained drug concentration of MDB-601a-NM after subcutaneous
administration. Single-dose toxicity studies showed potential toxicity and persistent swelling at the injection
site with high-dose administration of MDB-601a-NM. Furthermore, we evaluated the efficacy of
MDB-601a-NM in protecting against SARS-CoV-2 infection using the K18 hACE-2 transgenic mouse model.
Mice treated with 60 mg/kg and 100 mg/kg of MDB-601a-NM exhibited improved protectivity in terms of
weight loss and survival rates compared to the nafamostat-treated group. Histopathological analysis
revealed dose-dependent improvements in histopathological changes and enhanced inhibitory efficacy in
MDB-601a-NM-treated groups. Notably, no viral replication was detected in the brain tissue when mice
were treated with 60 mg/kg and 100 mg/kg of MDB-601a-NM. Our developed MDB-601a-NM, a modified
Nafamostat with glycyrrhizic acid, shows improved protectivity against SARS-CoV-2 infection. Its sustained
drug concentration after subcutaneous administration and dose-dependent improvements makes it a
promising therapeutic option.
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COVID-19 Domestic Mutation Trend and Target
Region Mutation Analysis

Sung Ho Kim, So Ra Kim, Eun Byeol Kim, Joon Ho Eom’

Medical Device Research Division, National Institute of Food and Drug Safety Evaluation

COVID-19is aninfectious respiratory disease that has caused a pandemic. It is a highly infectious disease that
has continued to mutate since its first outbreak in Korea in January 2020, resulting more than 34.57 million
infections in Korea. Meanwhile, diagnosis of COVID-19 infection is based on RT-qPCR technology, mutations
in the COVID-19 virus genome can affect a significant impact on the diagnosis. In this study, we analyzed the
correlation between COVID-19 virus mutations that can affect the performance of in vitro diagnostic
medical devices based on RT-gPCR and the target region of in vitro diagnostic products through a
bioinformatics approach. For the analysis, we classified the variants of concern (VOC) of COVID-19 virus
localized to Korea using the GIASID database and approval information, and analyzed the dominant
mutations by time period. The mutation rates of VOC in each gene sequence were summarized, and were
calculated by identifying the location of mutations. Molecular diagnostic reagents for the diagnosis of
COVID-19 generally use RT-qPCR technology and are composed of primers and probes that target specific
regions of the sequence. The ORFlab sequence containing the RdRp sequence or the N and E genes are used
as the main target regions. and determine whether they are infected with COVID-19 or not. The location and
gene of the mutation should be identified because genetic mutations affect the performance of molecular
diagnostic reagents. Many mutations have occurred in the highly unstable spike protein gene within the
COVID-19 sequence, and mutations have also occurred in the RdRp, E, and N genes, which perform essential
functions in the composition of the virus. The mutation rate for each major mutation was shown and the
location was analyzed. As a result, significant domestic COVID-19 virus mutations were identified that could
have an impact on in vitro diagnostic medical devices based on RT-qPCR.
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Development of Point-of-care Assay and Clinical
Evaluation of Multiplex RT-gPCR Using Portable
Franklin Thermocycler for SARS-CoV-2
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Puspareni Prayitno®, Divya Misra®, Choseung Kim®, Kyung-Min Park®?, Jin-Won Song*?, Taek-Kyun
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!Department of Microbiology, College of Medicine, Hallym University, Chuncheon, Republic of Korea, *Risk
Assessment Research Center, Korea Institute of Ocean Science and Technology, Geoje 53201, Republic of
Korea, *BK21 Graduate Program, Department of Biomedical Sciences, Korea University College of Medicine,
Seoul, Republic of Korea, “South Sea Environment Research Department, Korea Institute of Ocean Science
and Technology, *Department of Laboratory medicine, Chuncheon Sacred Heart Hospital, Hallym
University, College of Medicine, Chuncheon, Republic of Korea, ®Division of infectious disease, Chuncheon
Sacred Heart Hospital, Hallym University, College of Medicine, Chuncheon, Republic of Korea, ’Institute of
Medical Research, College of Medicine, Hallym University, Chuncheon, Republic of Korea

The outbreak of Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), continues to spread globally and pose serious health threats. The urgent
demand for swift and efficient detection assays during the pandemic necessitates the establishment of rapid
and accurate diagnostic testing methods at point-of-care (POC) settings for SARS-CoV-2 detection.
However, RT-PCR-based portable and sensitive diagnostic devices remain to be developed. To address this
challenge, we developed and validated the multiplex one-step RT-qPCR assay for POC diagnosis of
SARS-CoV-2 using Biomeme Franklin™ three9 Real-Time PCR thermocycler. The Biomeme assay
demonstrated sensitivity by detecting RNA of SARS-CoV-2 variants, including 19A, B.1.617.2, BA.1, BA.2,
BA.2.75, BA.5 and BN.1in 0.1 picograms (pg) of total RNA and showed no cross-reactivity with other human
coronaviruses, such as HCoV-0OC43, HCoV-NL63, and HCoV-229E. The assay was validated using SARS-CoV-2
infected clinical samples, achieving 95% sensitivity and 100% specificity. This study demonstrated the
suitability of the Biomeme Franklin thermocycler for POC result visualization in 3-4 hours. In conclusion,
multiplex one-step RT-gPCR Biomeme assay enables sensitive and point-of-care molecular diagnosis of
SARS-CoV-2 variants.
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Characterization of avian influenza viruses from the
fecal samples of wild birds in South Korea

Jeonghun Kim, Joon-Yong Bae, Jungmin Lee, Sohyun Lee, Sujin Hwang, Kisoon Kim, Man-Seong
Park”

Department of Microbiology, Institute for Viral Diseases, College of Medicine, Korea University Vaccine
Innovation Center-KU Medicine (VIC-K)

Avian influenza A viruses (AlVs) pose significant public health concerns, circulating in wild birds and poultry,
with occasional zoonotic transmission to non-avian animals, including humans. To address these threats, a
field surveillance study of AlVs was conducted by screening fecal samples from wild birds in South Korea.
During the 2019-2020 season, systematic screening yielded the isolation of three distinct strains of HGN1
AlVs, followed by the identification of four additional strains during the 2021-2022 season. The molecular
phylogenetic analysis revealed that the internal segments of the 5 H6N1 AlVs belong to the Eurasian lineage.
However, in HGN1/PLO4 and HEN1/PLO7, the PB1 segments were assigned to the North American lineage,
indicating that genetic exchange has occurred in South Korea. Specifically, we confirmed the presence of
some mutations in the PB1 genes of H6N1/PLO4 and H6N1/PLO7, which are associated with avian-to-human
adaptation. Our study shows that various H6N1 AlVs isolated from wild birds in South Korea, with a newly
emerged genetic reassortment virus, may potentially infect mammals or humans. This highlights the need
for continued surveillance to prevent cross-species transmission.
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* Corresponding authors

Influenza viruses pose a significant global health risk, causing seasonal epidemics and occasional pandemics
with high morbidity and mortality. Traditional vaccine development, typically taking over a year, cannot
keep pace with the rapid evolution of new viral variants. Innovative approaches are urgently needed to
accelerate the development of effective vaccines against influenza. Genome sequences offer a
comprehensive inventory of potential vaccine candidates, and advanced bioinformatics tools analyze these
sequences to identify promising targets—a method known as reverse vaccinology. However, the traditional
timeline for vaccine development falls short in responding swiftly to emerging zoonotic viruses. To address
this challenge, we have developed an Al-driven in silico whole-genome analysis pipeline to expedite vaccine
candidate identification and extend vaccine efficacy across viral variants, including avian influenza viruses.
This pipeline involves (i) extracting representative common sequences for vaccine antigens, (ii) optimizing
mMRNA antigen stability, (iii) assessing vaccine antigenicity and immunogenicity, (iv) identifying B-cell and
T-cell epitopes, (v) incorporating key epitopes from zoonotic strains, (vi) conducting in-silico docking to
evaluate the binding affinity of proteins to antibodies, and (vii) using molecular dynamics to examine protein
stability with existing bioinformatics tools. By employing viral genome-informed computational methods,
we design immune-optimized and structurally engineered vaccine antigens. We demonstrate that a single
antigen based on the receptor binding domain of the influenza virus surface protein can elicit broad humoral
responses. Such vaccines, which elicit comprehensive immune responses across influenza subgroups, have
the potential to counteract the threat of zoonotic spillovers, providing robust defense against emerging
influenza variants.
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Department of Microbiology, Chungbuk National University College of Medicine and Medical Research
Institute, Cheongju, Chungbuk, 28644, Republic of Korea.

Both 3CL protease inhibitors, specifically nirmatrelvir (Paxlovid) and ensitrelvir (Xocova), and the nucleoside
analogue molnupiravir (Lagevrio), have been authorized for therapeutic use during COVID-19 pandemic and
endemic. However, the emergence of mutations in 3CLprotease (such as M49L, E166A/V, etc.) confers the
resistance for antivirals. Consequently, our study aimed to suppress the emergence of drug resistance
mutations in SARS-CoV-2 subjected to both single and combination antiviral therapies in vitro. We analyzed
the emergence of resistance mutations in the virus under treatment regimens combining nirmatrelvir with
molnupiravir, ensitrelvir with molnupiravir, and nirmatrelvir with ensitrelvir, compared to monotherapies
with each drug, over five in vitro passages of SARS-CoV-2. We maintained or increased drug concentrations
throughout the study to simulate a therapeutic environment. The combination therapies delayed viral
growth compared to single-drug treatments, as measured by cytopathic effect (CPE) analysis. In addition,
comprehensive mutation analysis was performed using Next Generation Sequencing (NGS) on all passaged
viral samples, identifying several mutations within the 3CLprotease and RdRp genes. Contrary to
expectations, combination therapies promote a more rapid emergence of resistant mutations than
monotherapies in vitro condition. Among the treatments, both nirmatrelvir and ensitrelvir with
molnupiravir resulted in the highest rate of synonymous and non-synonymous mutations throughout the
passages. Additionally, analysis of the types of point mutations has demonstrated a significant increase in
transition mutation under therapy with molnupiravir. Our study suggests that while combination therapies
are more efficacious in hindering SARS-CoV-2 growth, they may not effectively prevent the development of
drug resistance. Importantly, ribonucleoside such as molnupiravir which induce the mutagenesis in the viral
genome may be not suitable for combination therapy targeting the reduction of resistance mutation in
SARS-CoV-2.
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Molecular evolutionary investigation:
Disappearance of influenza B Yamagata lineage

Sejik Park, Seunghye Cho, Sangyi Lee, Hyunbeen Kim, Woojin Shin, Soyoung Lee, Atanas V.
Demirev, Kyuyoung Lee, Man-Seong Park, Jin Il Kim

Department of Microbiology, Institute for Viral Diseases, Korea University College of Medicine, Seoul 02841,
Republic of Korea

Background: Influenza B virus (IBV), one of the causative agents of seasonal influenza, has been cocirculating
globally since the 1980s as two antigenically distinct lineages: B/Victoria (B/Vc) and B/Yamagata (B/Ym). The
B/Ym lineage has been rarely reported since the COVID-19 pandemic, leading to speculation of its
extinction. This study focuses on unveiling the molecular factors contributing to the possible extinction of
the B/Ym lineage.

Methods: A total of 11,274 IBV genome sequences were collected for its complete eight gene segments from
2000 to 2023. Phylogenies of the eight gene segments were reconstructed using subset sequences including
731 IBV strains using a time-resolved Bayesian inference method, and they were used for a reassortment
analysis between two gene segments. Synonymous and nonsynonymous genetic distances between
vaccine and field strains were estimated in the eight gene segments for the B/Vc lineage from 2014 to 2023
(n =820) and for the B/Ym lineage from 2014 to 2020 (n = 427).

Results: The phylogenies show no significant inter-lineage reassortments in the PB2, PB1, and HA genes. The
phylogenies of the PA, NP, NA, and M gene segments had topologies including reassortment events
between B/Ym and B/Vc lineages limitedly in the early 2000s period. However, we found major inter-clade
reassortment events in the branch of the B/Vc lineage, especially in the NA and NS genes, but not in those
of the B/Yamagata lineage. Nonsynonymous genetic distances from the vaccine strains were the highest in
the HA gene of the B/Victoria lineage followed by the NA and NS genes. Conversely, the NA gene of the
B/Yamagata lineage had the highest nonsynonymous genetic distances, even higher than the HA gene.

Conclusion: The B/Vc lineage had a higher potential to generate more novel variants by inter-clade
reassortments and genetic mutations in both HA and NA genes, compared to the B/Ym lineage. These
evolutionary dynamics possibly contributed to the differing vulnerabilities between two lineages of IBVs
during the COVID-19 pandemic, which might have caused the tight transmission bottleneck of IBVs to
perhaps lead to the extinction of the B/Ym lineage.
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Regulation of ISG15 Secretion by SARS-CoV-2
Proteins

Kanghun Seo, Wonjin Bang, Youngju Choi, Jin-Hyun Ahn

Department of Microbiology, Sungkyunkwan University School of Medicine, Suwon 16419, Republic of
Korea.

The I1SG15 protein encoded by Interferon-Stimulated Gene 15 is a ubiquitin-like protein that is covalently
conjugated to a protein. ISG15 modification of a protein (ISGylation) plays a role in host defense. ISG15 is
also secreted outside of cells and acts as a cytokine. During severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) infection, ISGylation is limited mainly due to the delSGylating activity of the virus-encoded
papain-like protease (PLpro). PLpro has been shown to promote the accumulation of free ISG15 within the
cell and its secretion. However, whether other viral proteins directly regulate ISG15 secretion is not known.
We found that interferon-beta treatment increased I1SG15 secretion in A549 and Calu-3 cells. We also
investigated whether the SARS-CoV-2 proteins regulate ISG15 secretion. Co-transfection assays with ISG15
and 26 viral proteins showed that eight viral proteins such as NSP2, NSP4, NSP6, ORF3a, ORF3b, membrane
(M), ORF7a and ORF7b upregulated ISG15 secretion, while four viral proteins such as NSP5, NSP13, NSP14,
and ORF6 downregulated it. Most viral proteins that upregulated ISG15 secretion increased LC3-1 to LC3-II
conversion, suggesting the involvement of autophagosomal vesicle accumulation in ISG15 secretion. We
also found that treatment of K22, an inhibitor of double-membrane vesicle (DMV) formation, reduced the
ISG15 secretion mediated by NSP4 and NSP6, suggesting a role of virus-induced DMV formation for ISG15
secretion. Our results suggest that the formation of DMVs and the accumulation of autophagosomal vesicles
induced by viral proteins may increase ISG15 secretion.
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Characterization of Immune Responses to mRNA
Vaccines in the Presence of Anti-PEG Antibodies

Ayoung Oh™?, Gahyun Roh', Dahyeon Ha"?, Subin Youn™?, Seonghyun Lee'?, Sowon Lee’, Hyo-Jung
Park'?, Jisun Lee', Jae-Hwan Nam™?

!Department of biotechnology, The Catholic University of Korea, Bucheon, Gyeonggi-Do, Republic of Korea,
?BK21 four Department of Biotechnology, The Catholic University of Korea, Bucheon, Gyeonggi-Do, Republic
of Korea

Both Pfizer-BioNTech and Moderna SARS-CoV-2 mRNA vaccines, which were commercialized due to the
COVID-19 pandemic, deliver mRNA through LNPs, and PEG is included to stabilize these LNPs. PEG is a
non-charged, highly hydrophilic polymer that is conjugated to proteins, peptides, and drugs and used as a
therapeutic agent. PEGylated therapeutics are used to improve drug efficacy by extending circulation time
in the body. Anti-PEG antibodies have been found in people treated with PEGylated drugs as well as those
who have not been treated but have been exposed to PEG in daily life. The presence of anti-PEG antibodies
in the body can lead to the accelerated blood clearance (ABC) phenomenon or mediate complement
reactions, reducing the effectiveness of drug therapy and causing adverse effects. This study suspected that
the adverse effects occurring after mRNA vaccine administration could be related to anti-PEG antibodies
and created a mouse model with anti-PEG antibodies to observe the immune response after mRNA vaccine
administration. When mRNA vaccines were administered to mice with and without anti-PEG antibodies, it
was observed that T cell responses were lower in mice with anti-PEG Ab. Additionally, a significant decrease
in WBC (white blood cells) and eosinophils was noted in mice with anti-PEG Ab following mRNA vaccination.
These findings suggest that the presence of anti-PEG Antibodies in the body may lead to a diminished
immune response, potentially reducing the therapeutic efficacy of the treatment. Interestingly, only in mice
with anti-PEG Antibodies, an increase in IL-5 and IL-3 was detected in the thymus through real-time PCR after
mRNA vaccination. This study explored the altered immune responses that occur when mRNA vaccines are
administered in the presence of anti-PEG Antibodies. Future research will aim to investigate the
mechanisms underlying these immune responses and their connection to anti-PEG Antibodies.
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A Single Baculovirus Vector Vaccine Delivering Dual
Gene of SARS-CoV-2 Induces Broad Protection
Against SARS-CoV-2 VOCs.
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Kim™*2

!Department of Bio-medical Science and Engineering, Konkuk University, Seoul, Republic of Korea (05029),
2KR Biotech, Seoul, Republic of Korea (05029)

SARS-CoV-2 is no longer highly lethal, but it still has significant contagiousness. Emergency Use
Authorization (EUA) received vaccines during the COVID-19 pandemic are designed to target only the S gene
of VOCs. Mutations of SARS-CoV-2 predominantly arise in the spike (S) protein, which facilitates immune
escape and diminishes the efficacy of the vaccine. It is necessary to develop a universal vaccine, as these
vaccines need to be updated as new variants emerge. In vaccine development, preserving T cell responses
is important since it provides long-term immune protection and resistance to mutations. The Membrane
(M) protein, known to be an antigen that induces a strong T cell response, is the most abundant protein in
the SARS-CoV-2 envelope and is relatively conserved among VOCs. In this study, we developed a
recombinant baculovirus-vectored vaccine (AcHERV-PanCoV) by incorporating the S antigen and further
enhanced cellular protection by adding the M gene as an additional antigen. AcHERV-PanCoV demonstrated
a higher level of humoral and cellular immunogenicity compared to vaccines delivering only the S gene.
Furthermore, in the K18-ACE2 mouse model, AcHERV-PanCoV provides notable protective efficacy by
significantly reducing infectivity, alleviating disease severity, and diminishing transmission potential.
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Exploring the Zoonotic Potential of Avian Influenza
A(H5N1) clade 2.3.4.4 Viruses
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*These authors contributed equally. "Corresponding authors

Despite our experiences with pandemic viruses, emerging infectious diseases continue to challenge our
preparedness. Highly pathogenic avian influenza A(H5NXx) viruses may be among the top potential pandemic
threats in the future. Influenza A virus (IAV) can infect various animal hosts and continuously evolves
through genetic drift and shift, influencing the genetic diversity of H5SNx viruses. The neuraminidase (NA)
subtypes of these viruses have changed from N1 to N2, N6, and N8. Recently, a genetically novel N1 NA has
been detected in clade 2.3.4.4 H5Nx viruses, which appear to retain a full-length stalk with distinct
mutations within the second sialic acid binding site (2SBS), facilitating additional sialic acid binding. Our
study demonstrated that mutations in the 2SBS enhanced NA binding affinity to human-like 02,6 sialic acids
in an AlphaFold-aided structural simulation, potentially explaining the correlation with increased cases of
marine and land mammal infections with recent 2.3.4.4 H5N1 viruses. Additionally, internal gene segments
of recent H5N1 viruses, such as PB1 and NS, were found to harbor mutations previously identified in H5SNx
zoonotic outbreaks. These molecular mutations and the genetic constellation of recent H5SN1 viruses
warrant further investigation to prevent future influenza pandemics.
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Decoding Influenza Virus Evolution Through
Computational Antibody Footprinting

Soyoung Lee, Seunghye Cho, Sangyi Lee, Sejik Park, Hyunbeen Kim, Woojin Shin, Atanas V.
Demirev, Kyuyoung Lee, Man-Seong Park, Jin Il Kim

Department of Microbiology, Institute for Viral Diseases, Korea University College of Medicine, Seoul 02841,
Republic of Korea

Monoclonal antibodies (mAbs) have been widely used in various biological fields due to their ability to meet
our intellectual needs. The binding profiles of mAbs allow us to understand how antibodies interact with
antigens by mapping their epitopes. Viruses evade immune responses by mutating residues that interact
with antibodies. The influenza virus rapidly and continuously evolves, with novel zoonotic strains
occasionally emerging. Therefore, epitope mapping can help us interpret the antigenic evolution of the virus
under immune pressure. By constructing a high-throughput antibody footprint on the influenza HA protein
in silico, we can observe the evolutionary patterns of the antigenic properties of the influenza virus. Each
influenza virus subtype is bound to known antibodies through computational docking simulations, and its
avidity to each antibody is measured. The binding regions are then analyzed to identify interacting residues
and measure binding affinity, with all data integrated into antigenic cartography. Antigenic cartography
presents binding patterns of antibodies to virus strains, clustering those with similar binding profiles.
Additionally, a machine learning model can utilize this data to predict antibody binding sites on novel strains
and their antigenic properties. We demonstrated computational docking of HIN1 and H3N2 influenza
hemagglutinins with corresponding mAbs on their antigenic sites. Our findings suggest that the binding
profiles of mAbs to different strains of each subtype provide insights into key mutations that alter antigenic
properties and enable immune evasion.
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Dose-Dependent Serological Profiling of AACLD-
CoV19-1 Vaccine in Adults
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AdCLD-CoV19-1, a chimeric adenovirus-based severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) vaccine, was previously reported to elicit robust antibody responses in mice and non-human
primates after a single dose. In this study, we conducted a comprehensive systems serology analysis to
investigate the changes in humoral immune responses induced by varying doses of the AdCLD-CoV19-1
vaccine in a phase | clinical trial. Serum samples from participants receiving either a low- or high-dose of the
vaccine were analyzed for changes in antibody features against various SARS-CoV-2 Spike (S) domains
(full-length S, S1, S2, and receptor binding domain), as well as Fc receptor binding and effector functions.
While both the low-dose and high-dose AdCLD-CoV19-1 vaccines induced robust humoral immune
responses following vaccination, the quality of antibody features was different between the two dose
groups. Notably, while no significant difference was observed between the two groups in the induction of
most S1-specific antibody features, the high-dose group exhibited higher levels of antibodies and a stronger
Fc receptor binding response specific to the S2 antigen. Moreover, both univariate and multivariate analyses
revealed that the high-dose vaccine induced higher levels of S2-specific antibodies binding to FcyR2A and
FcyR3B, which were closely associated with antibody-dependent neutrophil phagocytosis (ADNP). These
findings underscore the importance of considering diverse humoral immune responses when evaluating
vaccine efficacy and provide insights for optimizing the dose of adenovirus vector-based SARS-CoV-2
vaccines in clinical trials.
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Stimulator of Interferon Gene Agonists Induce an
Innate Antiviral Response against Influenza viruses
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The devastating effects of COVID-19 have highlighted the importance of prophylactic and therapeutic
strategies to combat respiratory diseases. Stimulator of interferon gene (STING) is an essential component
of the host defense mechanisms against respiratory viral infections. Although the role of the cGAS/STING
signaling axis in the innate immune response to DNA viruses has been thoroughly characterized, mounting
evidence shows that it also plays a key role in the prevention of RNA virus infections. In this study, we
investigated the role of STING activation during Influenza virus (IFV) infection. In both mouse bone
marrow-derived macrophages and monocytic cell line THP-1 differentiated with PMA, we found that
dimeric amidobenzimidazole (diABZI), a STING agonist, had substantial anti-IFV activity against multiple
strains of IFV, including A/HIN1, A/H3N2, B/Yamagata, and B/Victoria. On the other hand, a
pharmacological antagonist of STING (H-151) or the loss of STING in human macrophages leads to enhanced
viral replication but suppressed IFN expression. Furthermore, diABZI was antiviral against IFV in primary air—
liquid interface cultures of nasal epithelial cells. Our data suggest that STING agonists may serve as
promising therapeutic antiviral agents to combat IFV.
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Modular Nanodiscs Amplifying Weak-neutralizing
Antibody of SARS-CoV-2

Soyun Choi, Hyunjoo choo, Jaehyeon Hwang, JeongHyeon Yoon, KyeongWon Kim, Dae-Hyuk
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Department of Integrative Biotechnology, Sungkyunkwan University, Suwon 16419, Republic of Korea

Passive antibody therapy was crucial in the early stages of the COVID-19 pandemic, using convalescent
plasma to reduce viral loads and mortality rates. However, the rapid emergence of SARS-CoV-2 Omicron
variants has compromised the effectiveness of existing neutralizing antibodies (nAbs), necessitating new
strategies to restore and enhance their efficacy. This study introduces an advanced therapeutic approach
using modular nanodiscs equipped with an Fc-binding domain (F-NDs) designed to boost the antiviral
efficacy of nAbs. These F-NDs are engineered to bind a wide array of Fc-fused proteins, including single-chain
variable fragment-Fc (scFv-Fc), immunoglobulin G (IgG), and soluble angiotensin-converting enzyme 2-Fc
(sACE2-Fc), thereby improving coverage and binding affinity to the SARS-CoV-2 Spike protein. This enhanced
protection is attributed to the viral surface coverage provided by the F-NDs. Furthermore, the study
highlights the development of the $309-based Antibody-Nanodisc Complex (ANC), which displayed potent
antiviral activity against all tested Omicron variants, including XBB strain, even as the neutralizing capability
of the S309 antibody alone had diminished against these variants. In humanized mouse models, a
combination of F-NDs and sACE2-Fc provided complete protection against SARS-CoV-2 infection, significantly
outperforming sACE2-Fc alone. The findings underscore the potential of F-NDs to substantially amplify the
antiviral potency of nAbs weakened by viral mutations. This promising approach not only offers a potent
countermeasure against evolving SARS-CoV-2 variants but also holds broader therapeutic potential for
other infectious diseases that challenge existing antibody-based treatments.
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MRNA Vaccine Provides Rapid and Superior
Protection Against Canine Influenza H3N2
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Yoo-Jin Bang?, Jae-Yong Kim?, Hyeong-Jun Park®, Seonghyun Lee'?, Su Bin Youn™?, Daesub Song®,

.
Woonsung Na’, Jae-Hwan Nam**?

!Department of Medical and Biological Sciences, The Catholic University of Korea, Bucheon, Gyeonggi-Do,
Republic of Korea, BK21 Department of Biotechnology, The Catholic University of Korea, Bucheon,
Gyeonggi-Do, Republic of Korea, >R&D Team, SML Biopharm, Gwangmyeong 14353, Republic of Korea,
“Department of Virology, Chonnam national university school of veterinary, Gwangju , Republic of korea,
>Department of Oral microbiology, Seoul National University School of Dentistry, Seoul, Republic of Korea,
®Department of Virology, Seoul National University School of veterinary, Seoul, Republic of Korea.

Canine Influenza H3N2 is a highly contagious virus that infects dogs, with a morbidity rate of 95%. Infected
dogs can suffer from severe pneumonia or even die (mortality 50% in unhealthy cases). Thus, reducing the
spread of the virus and the severity of infection through vaccination is important for the health of dogs and
the economy. Currently, inactivated vaccines are widely administered, but there is a need for vaccine
platforms that can offer stronger and longer-lasting protection and can respond to variants.

mMRNA vaccines may be a very suitable alternative. They are effective in inducing antigen-specific T cell
responses, provide strong and lasting immune reactions, and have fewer concerns regarding side effects.
Therefore, this study tested the immunogenicity and protective efficacy of a vaccine containing mRNA
encoding hemagglutinin (HA) of Canine Influenza H3N2 in mice. First, the HA sequence was inserted into an
MRNA platform, and in-vitro transcription was performed using methylpseudouridine (m1¥). The vaccine
(HA mRNA-LNP) was then formulated using LNP formulation.

After two administrations of this vaccine at two-week intervals in C57BL/6 mice, splenocytes were obtained
one week after the final immunization. These splenocytes were stimulated with Canine Influenza H3N2 HA
protein. ELISpot and flow cytometry analyses showed that this vaccine induced an immune response (IFNy,
TNF-a) specific to the HA protein of the virus. Next, mice vaccinated twice were challenged with the virus of
10 LD. In contrast to the positive group, which received no vaccine and experienced either death or
euthanasia due to severe weight loss, the mRNA vaccine group showed minimal weight change before and
after the challenge. Furthermore, lung viral titers measured at 3 and 6 DPI were similar to those of the
negative group, and no visible lung damage was observed. This suggests superior protective efficacy
compared to traditional inactivated vaccines. The Caniflu group showed lung damage at 3 and 6 DPI, with
significant levels of the virus detected in the lungs at 3 DPI.

This study demonstrates the superior efficacy of mMRNA vaccines as an influenza vaccine. We are currently
testing vaccines produced using wild-type UTP and new LNPs. Future plans include verifying
dose-dependency and long-term immune responses. We expect this study to aid in the development of
improved Canine Influenza H3N2 vaccines in terms of therapeutic efficacy and safety.
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Potent Anti-COVID-19 Agent, GMS007, Made of
Stable and Cell-Permeable Peptide Nucleic Acid
(PNA)

Hyunseok Hong, Sung Chun Kim, Hee Kim

Gifted MS Co., LTD., Inchon, Korea

Despite the development of a safe and effective COVID-19 vaccine, COVID-19 continues to mutate and
spread. Currently, PAXROVID and Remdesivir are recommended as treatments, but these treatments have
concerns about drug-drug interactions and doubts about their effectiveness against variants. So the
development of novel therapeutic options are still needed.

Antisense oligomers (ASO) have excellent potential for treating diseases, especially for antivirals, because
they can inhibit gene expression such as transcription and translation in a sequence-specific manner.
However, their applications for therapy are pretty much limited due to their lack of in vivo stability and cell
permeability.

Here, we introduce the potent anti-COVID-19 ASO made of very stable and excellent cell-permeable peptide
nucleic acid (PNA). These molecules targeted highly conserved genome sequences of COVID-19, and their
binding affinity towards COVID-19 complementary genome is less than pM range.

In an in vitro assay system using Caco2 or Vero6 cells, our series of ASOs targeted complements to the
COVID-19 genome showed better activity in reducing viral RNA levels than PAXLOVID. The EC50 value of
representative compound GMS-007 was 200 nM in Vero6 cells, whereas the EC50 value of PAXLOVID was
550 nM. During the in vitro assay, any of the delivery tools were not utilized (or No delivery tools were used
during the in vitro assay).

This presentation describes the basic chemical structure of our technology and its possible mode of action
(MOA\) for cell permeability, the design of GMS-007 for anti-COVID-19, and the in vitro activity of GMS-007
compared to PAXLOVID.

In addition, the success of GMS-007 towards anti-COVID-19 can not only offer a new option of COVID-19
therapeutics, but also open a glimpse of the possible therapeutics towards the next viral pandemic.
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|dentification of HA Receptor-Binding Site
Mutations Associated with Enhanced Influenza A
Virus Infectivity

Seon-Yeong Hwang, Jun-Young Seo’

Department of Biomedical Sciences, Graduate School of Medical Science, Brain Korea 21 Project, Yonsei
University College of Medicine, Seoul 03722, Republic of Korea

Influenza A viruses (IAVs) are a major global health threat, causing both seasonal epidemics and occasional
pandemics. The virus’s capacity to rapidly evolve is central to its ability to infect and spread among humans.
The viral surface protein, hemagglutinin (HA), undergoes frequent genetic changes that allow it to adapt to
new hosts and evade immune responses. Mutations within the HA receptor-binding site are particularly
crucial in determining viral tropism and infectivity. To identify IAV variants with enhanced infectivity, we
generated a comprehensive library of HA receptor-binding site variants derived from the 1968 H3N2
pandemic strain. These variants were introduced into recombinant IAVs, which were subsequently
subjected to serial passage in cell culture. Comparative analysis of viral fitness revealed that specific HA
mutations confer a significant increase in viral replication efficiency, particularly in human-derived cell lines,
A549 cells. Our findings demonstrate that mutations within the HA head domain significantly enhance viral
infectivity. These results underscore the critical role of the HA receptor-binding site in IAV adaptation and
pathogenesis, suggesting that a deeper understanding of the mechanisms underlying these mutations is
essential for developing effective antiviral strategies and predicting the emergence of future pandemic
strains.
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Optimization of air-borne viral particle collection for
the efficacy test of air disinfection devices.

Sujin Hwang, CUI CHUNGUANG, Juho Do, Sumin Park, Jeonghun Kim, Jong Hyeon Seok, Man-Seong
Park*, Kisoon Kim"

Department of Microbiology, Institute for Viral Diseases, Vaccine Innovation Center, College of Medicine,
Korea University, Seoul, Korea 02841

Since the COVID-19 pandemic, airborne transmission has been considered as a significant factor
contributing to the increased risk of respiratory viruses infection. To mitigate this risk, it is crucial to prevent
the airborne spread of viral particles. Especially reducing the number of viral particles in indoor air is
essential to minimize the risk of person-to-person transmission. Controlling viral particles in indoor air
includes ventilation through opening windows, and air filtration of air disinfection devices. Air disinfection
devices for reducing transmission risk must be thoroughly evaluated by standard guideline. Therefore, we
have established a standard virucidal efficacy test for disinfection equipment in a controlled sealed
chamber. In this study, seasonal influenza virus, A/HIN1pdm was suspended in a sealed chamber. Two
different collecting methods were compared to optimize the recovery rate of infectious viral particles. The
airborne viral particles in the chamber air were artificially suspended by use of nebulizer with an
approximate titer of 8.5 log[10] PFU and air contents were collected into an air sampler. We compared the
recovery rates of two different collection methods. When sampling was continuously performed in a sealed
chamber air for 150 minutes, it was sufficient to collect the entire air content. finally, 5.08 log[10] PFU of
infectious viruses were recovered with a recovery rate of 0.05%. Time-point intermittent sampling, was also
performed at three time points with 15-minute intervals. This method resulted in a recovery of 6.47 log [10]
PFU, a recovery rate of 1.44%. Interestingly, in contrast to the infectious virus, the viral RNA quantification
by qRT-PCR demonstrated a recovery rate of approximately 20%. These results suggest that both continuous
and time-point intermittent sampling methods are suitable for measuring an average reduction rate of more
than 4 logs (99.99%). Taken together, the infectivity of the virus is a critical factor for evaluating the virucidal
efficacy of air disinfection devices.

This research was supported by a grant of the KHIDI, funded by the GFID (grant number : HG23C1632)
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Construction of HPV pseudotyped viruses for
evaluation of Gardasil 9-valent vaccine efficacy and
study of cross-reactivity with each type

Heewon Bang', Sehyun Kim?, Kihoon Park?®, Chanyoung Lee', Doyoung Yoon®, Young Jik Lee’,

Hyeondong Lee’, Novakowska Alexandra®, Jungmin Chun®, Heejung Lee, Hyesook Jeong?, Juyeon

Choi?, Youngjae Lee®, Young Bong Kim™*'

!Department of Biomedical Science and Engineering, Konkuk University, Seoul, 05029, Republic of Korea,
KR BioTech, 120 Neungdong-ro, Gwangjin-gu, Seoul, Republic of Korea, *Division of Clinical Vaccine
Research, National Institute of Health, 187 Osongsaengmyeong 2-ro, Heungdeok-gu, Cheongju-si,
Chungcheongbuk-do, 28159, Republic of Korea

Cervical cancer is the second most common cancer in women worldwide and ranks as the seventh most
common cancer among women in Korea. The Gardasil 9 vaccine, which contains the L1 protein of HPV types
6 and 11, the leading causes of genital warts, and high-risk types 16, 18, 31, 33, 45, 52, and 58, was developed
to prevent cervical cancer. Here we constructed HPV pseudotyped viruses for evaluation of Gardasil
9-multvalent vaccine efficacy and study of cross-reactivity with each type. To obtain antibodies specific to
each type, nine PsV were prepared, purified, and immunized in Balb/C mice. Sera isolated from immunized
mice showed type-specific antibody responses to each PsV.

HPV PsV-based IgG ELISA showed some degree of cross-reactivity between types, whereas PBNA exhibited
type-specific reactions.

In PsV-based ELISA (IgG), type 33 showed relatively high cross-reactivity compared to the other 8 types.
When PBNA was performed for 9 types of PsV, it showed different ND50s for gadasil vaccine by type,
especially for types 16, 33, ND50 was high and low for type 11.

This system establishment allows for accurate efficacy evaluation in serum from individuals immunized with
the multivalent HPV vaccine in the future.
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Evaluation of Antibody-Dependent Cellular
Phagocytosis Induced by COVID-19 mRNA Vaccines

Sivilay Xayaheuang’, Ji-Young Hwang®, Yunhwa Kim®, Eun-Jeong Jang*, Kyung-Min Lee®, Seok-Tae
Choi*, Ok Sarah Shin?, Ji Yun Noh®, Hosun Park™**

!Department of Microbiology, College of Medicine, Yeungnam University, Republic of Korea, Department
of Biomedical Sciences, Korea University College of Medicine, Seoul, Republic of Korea, Division of
Infectious Diseases, Department of Internal Medicine, Korea University College of Medicine, Seoul, Republic
of Korea, “immunogenicity Evaluation Laboratory, Clinical Trial Center, Yeungnam University Medical
Center, Daegu, Republic of Korea

Antibody-dependent cellular phagocytosis (ADCP) is an important mechanism to eliminate virus-infected
cells. In the process of ADCP, innate immune cells such as macrophages, which have Fcy receptors,
phagocytize virus-infected target cells through binding of Fc portion of virus-specific antibody.

This study aims to assess the ADCP function of antibodies induced by COVID-19 monovalent and bivalent
vaccines. HEK293T cells expressing the SARS-CoV-2 spike protein were used as target cells: WT-spike target
cells for monovalent groups and BA.4/5-spike target cells for bivalent groups, and M1-differentiated U937
macrophages were used as effector cells for ADCP. Antibody titers were measured using S1-1gG enzyme-
linked immunosorbent assay and pseudovirus neutralization titers (pVNTs). Total of 93 sera samples were
collected from adults who received COVID-19 mRNA monovalent vaccines (pre-vaccination, primary series,
and booster; each n = 17) and bivalent vaccines (pre-vaccination; n = 21, post-vaccination; n = 21) for
analysis.

ADCP was significantly increased after the primary series of monovalent WT vaccination; mean ADCP of pre-,
primary series, and booster were 5.9, 32.5, and 31.2%, respectively. The mean ADCP of the bivalent
vaccinated groups were 30.5, and 39.5% in pre-, and post-vaccination groups, respectively. In the WT
vaccination group, ADCP showed strong correlations with anti-S1 IgG (r=0.9482) and pVNTsg (r=0.8804).
However, ADCP of the BA.4/5 bivalent vaccination group showed moderate correlations with anti-S1 IgG
(r=0.6580) and pVNTsq (r=0.6253). Therefore, ADCP increased significantly after vaccination in those who
did not have primed immunity against SARS-CoV-2. Furthermore, ADCP showed a stronger correlation with
anti-S1 1gG binding antibodies than neutralizing antibodies.

These results suggested that ADCP could be one of the evaluation methods for COVID-19 vaccine
immunogenicity.

This research was supported by a grant (23202MFDS136) from Ministry of Food and Drug Safety in 2023.
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Promising anti-tumor effects of E6/E7 antigen
expressing mRNA in HPV-positive tumor mice model

Seonghyun Lee™?, Hyunho Yoon™?, Seol Hee Hong**, Sung Pil Kwon®, Jung Joo Hong®’, Shee Eun
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!Department of Medical and Biological Sciences, The Catholic University of Korea, Bucheon, Gyeonggi-do,
South Korea, BK21 four Department of Biotechnology, The Catholic University of Korea, Bucheon,
Gyeonggi-do, South Korea, *National Immunotherapy Innovation Center, Hwasun-gun, Jeonnam, South
Korea, “Department of Pharmacology and Dental Therapeutics, School of Dentistry, Chonnam National
University, Gwangju, South Korea, *Brain Science Institute, Korea Institute of Science and Technology, Seoul,
South Korea, ®National Primate Research Center, Korea Research Institute of Bioscience and Biotechnology
(KRIBB), Cheongju, Chungcheongbuk-do, South Korea, ’KRIBB School of Bioscience, Korea University of
Science & Technology (UST), Daejeon, South Korea, 8R&D Research Center, SML Biopharm, Gwangmyeong,
Gyeonggi-do, South Korea.

Human papillomavirus (HPV) is implicated in the onset of various cancers, such as cervical, anal, and
oropharyngeal cancers. Although prophylactic vaccines derived from the L1 proteins of high-risk HPV strains
have been developed and are utilized in clinical settings, there is currently no therapeutic vaccine available.
The E6 and E7 proteins from certain HPV subtypes, including HPV 16 and 18, are crucial in the development
of cervical cancer by interfering with cell cycle control. This study seeks to explore the potential anti-tumor
effects of an mMRNA-HPV therapeutic vaccine (mHTV) that includes non-oncogenic variants of the E6 and E7
proteins. To evaluate the efficacy of the vaccine, C57BL/6 mice were given the vaccine through
intramuscular and subcutaneous injections, followed by an assessment of the resulting effects. The
vaccination induced a strong T cell-mediated immune response, marked by the production of
pro-inflammatory cytokines and the generation of HPV tetramer-specific T cells. Notably, mHTV
immunization led to a significant reduction in tumor growth in mice inoculated with TC-1 cells, thereby
enhancing overall survival rates. Additionally, in mice that survived the initial tumor challenge post-mHTV
vaccination, reintroduction of tumor cells did not result in tumor progression. Remarkably, in seven out of
ten cases, mice that received mHTV and were later implanted with TC-1 tumors showed no tumor growth
even 160 days after the final immunization. This suggests that mHTV can prompt immediate immune
responses targeting HPV E6/E7 proteins while also conferring long-term immunity. Moreover, mHTV
demonstrated considerable suppression of tumor growth in mEER tumor-bearing mice, a model for head
and neck cancer. These findings indicate the potential clinical application of mHTV for the treatment of
HPV-related cancers. By addressing the critical need for an effective therapeutic vaccine, mHTV could play
a significant role in both the prevention and treatment of cancers associated with HPV.
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Development of minimum requirements for
certification of spray-type virucidal products

Hyun Ho Kim, Jin Woo Lee, Hye Jin Kim, Mi Na Kim, Chang Min Shin, Jin Sik Cho”

Korea Testing & Research Institute (KTR), Gwacheon, Republic of Korea

In the wake of global viral pandemics and the increasing frequency of their occurrence, disease prevention
has become a part of daily life. This has emphasized the importance of surface disinfection lifestyle products
incorporating new technologies, and the related industries are experiencing rapid growth. However, the
absence of a certification system to verify the performance and safety of these products poses challenges
in establishing trust from both the demand and supply sides. Therefore, this study aims to develop
performance and safety requirements for spray-type virucidal products and establish a product certification
system recognized internationally.

In this study, we selected a model virus suitable for domestic conditions based on the ASTM E1053-20 test
method and proposed minimum requirements to verify the virucidal performance of spray-type products,
such as product treatment time and organic matter contamination conditions. We also established
domestic legal requirements and additional considerations for safety verification. The technical committee,
composed of stakeholders from industry, academia, research, and consumers, completed the feasibility
review for the development of product certification criteria.

Through this study, we aim to provide a credible and internationally applicable product certification basis to
provide product validity and reliability, and support domestic companies' entry into the global market.
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In mMRNA-based personalized cancer vaccines, the
combination of antigen prediction and timing of
vaccination increases anti-cancer efficacy.

Seongje Cho"?, Woori Kwak"?, Hyunho Yoon'?, Jisun Lee'?, Seonghyun Lee™?, Hyo-Jung Park™?,
Sohee Jo™?, Jungmin Kim"?, Sowon Lee®, Kwoneel Kim?, Ki Tae Kim?, Jae-hwan Nam***

!Department of Medical and Biological Sciences, The Catholic University of Korea, Bucheon, Gyeonggi-do,
Republic of Korea, BK Four Department of Biotechnology, The Catholic University of Korea, Gyeonggi-do,
Bucheon, Republic of Korea, *Department of Biology, Kyung Hee University, Seoul, Korea, “Department of
Molecular Genetics, School of Dentistry and Dental Research Institute, Seoul National University, Seoul,
Korea.

MRNA-LNP platform is a versatile and promising technology for delivering proteins of interest by mimicking
the mechanism of viral infection, and has several advantages, including the ability to deliver multi-antigens.
In this study, a proprietary process for identification of immunogenic neoantigens is validated by immune
response and anti-tumor efficacy in a mouse model of colon cancer. Neoantigens associated with the MHC-I
or MHC-II pathway were delivered using mRNA encapsulated lipid nanoparticle (LNP) systems to induce
antigen specific immune responses. In terms of the anticancer effect, MHC class ll-restricted neoantigens
were particularly noteworthy. The cancer vaccine showed more promising cancer-inhibitory effects when
administered at an earlier stage of cancer development. In addition, combination therapy with immune
checkpoint inhibitors, such as anti-PD-1 and -Tim-3 antibodies, has been shown to increase tumor growth
inhibition. These results demonstrate the therapeutic potential of PCV developed by our neoantigen
prediction process and the importance of early vaccination as a strategy to increase the antitumor efficacy
of cancer vaccines.
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HMGB1 Contributed to Early inflammation
Following mRNA Vaccination but Does Not Affect
Immunogenicity
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!Department of biotechnology, The Catholic University of Korea, Gyeonggi-Do, Bucheon, Republic of Korea,
2BK21 four Department of Biotechnology, The Catholic University of Korea, Gyeonggi-do, Bucheon, Republic
of Korea.

*Corresponding author

While mRNA vaccines have been instrumental in saving countless lives during the COVID-19 pandemic,
concerns regarding their safety persist. Severe adverse events such as myocarditis, anaphylaxis, and
cytokine storm have been reported following mRNA vaccination, all of which are associated with
inflammation. HMGB1, a key damage-associated molecular pattern (DAMP) that triggers immune
responses or inflammation, is upregulated in inflammatory conditions. This study investigated mRNA
vaccine-induced HMGB1-related inflammation. To assess the impact of HMGB1 on adaptive immunity, mice
were intramuscularly administered an optimal dose of HA-mRNA vaccine with or without an intraperitoneal
injection of glycyrrhizin, an HMGB1 antagonist. No significant differences in HA-specific IgG titers and
neutralizing antibody titers were observed between groups, regardless of glycyrrhizin treatment. Similarly,
using HPV-mRNA vaccine and analyzing T cellimmunophenotypes by FACS, no significant differences in T cell
immunity were detected. However, qRT-PCR analysis of tissues from mice sacrificed two days post
high-dose HPV-mRNA vaccination revealed increased levels of inflammatory cytokines and HMGB1, along
with decreased expression of muscle-related genes, indicating tissue inflammation. This study provides
evidence that HMGB1 contributes to early inflammation following mRNA vaccination without affecting the
adaptive immune response. These findings suggest that inhibiting HMGB1 could be a promising strategy to
enhance the safety of mRNA vaccines.
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Efficacy Evaluation of Peptides Derived from Dengue
ED Il Predicted via in silico Analysis

Seokhwan Hyeon, Kwangwook Kim, Kyeonghyun Lee, Mihee Kim, Jaenam Jeong, Byung Chul Kim,

Yookyoung Lee’

Division of Vaccine Development, Center for Vaccine Research National Institute of Infectious Diseases,
Korea National Institute of Health, Korea Disease Control and Prevention Agency, Cheongju, Republic of
Korea

Dengue virus, the most common flavivirus, is occurring highly endemic infectious diseases of tropical
countries and is becoming a serious public health problem. However, immunogenicity on the structural viral
protein has not been fully understood yet. Here, we investigated prediction of epitope-based
immunogenicity on dengue-viral proteins of 4 serotypes with in silico analysis and performed the efficacy
evaluation in vitro. We focused analysis on envelope (E) which contains domain Ill (EDIII) to figure out
immunogenicity for human. The epitope regions of linear B cell showing the immunogenicity were predicted
via BepiPred-2.0 determined by its sensitivity and specificity. In addition, we also analyzed the regions of
immunogens that induce T cell-mediated immune response employing the Immune epitope database
(IEDB) resource that validates peptide presented on HLA class I. The 9-mer candidates were selected by
scoring whether over than 1.0 or not compared to between epitopes and non-epitopes as indicated
reference. Then we conducted T cell proliferation assay with the determined candidates via CFSE analysis
method to identify whether the results are proportional to the in silico data. Taken together, our results
suggest that in silico data demonstrated many of immunogenic candidates showed high specificity against
human B and T lymphocytes, however, it does not correspond the results when performing actual
immunogenicity assessment. This study will contribute to the developing vaccines in an appropriate way
against dengue virus and be able to be an option or reference for discovering the right vaccine candidates.
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