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존경하는 대한백신학회 회원 여러분

전대미문의 COVID-19 판데믹 글로벌 위기로 인한 어려운 여건에서도 사회 각 부문에서 각자의 

일에 매진하고 계시는 회원 여러분의 노고에 깊은 감사의 말씀을 드립니다. 

대한백신학회는 2011년 9월 30일 창립된 이래 국내 백신 분야의 발전을 위해 꾸준히 노력해 왔습니다. 

학회에서는 매년 춘계와 추계 학술대회를 마련하여 회원님들의 지식 공유 및 친목을 도모하여 왔었으나 

올해 COVID-19 대유행으로 불가피하게 춘계 학술대회를 일정을 연기하였고, 상황이 호전되지 않아 

결국 취소하게 되었습니다. 앞으로 가을과 겨울에 재유행의 위험이 있고, 학술대회를 단기간에 

두 번 개최하기 어려울 것으로 판단하여 올해에는 춘·추계 통합 학술대회를 개최합니다. 

COVID-19 대유행에 대비하기 위해서는 백신 개발이 매우 중요한 만큼, 이번 학술대회에는

COVID-19와 관련된 주제의 다양한 프로그램을 준비하여 회원 여러분을 초대하게 되어 기쁜 마음

입니다. COVID-19 관련 기초의학 연구자, 임상 연구 전문가, 정부 유관 기관 및 기업의 관련 전문가

들이 관심을 가질 수 있는 최신 이슈를 포함하였고, 학문적 지식을 쌓을 수 있는 흥미로운 주제의 

강연을 준비하였습니다. 다만 코로나와 함께 생활해야 하는 상황을 맞이하여 회원님의 안전을 고려하여 

학술대회를 온라인으로 개최하기로 하였습니다. 최선을 다해 다양한 방법으로 준비하여 제공할 예정

이나 처음 시도하는 방법이라서 미진한 점이 있더라도 양해 부탁드립니다.

학술대회 오전에는 COVID-19 면역반응 특성의 최신 지견 세션과 동물 감염의 특성에 관한 세션을 

마련하였고, 글로벌 백신 로드맵에 대한 특별 강연을 준비하였습니다. 오후에는 국내외 백신 개발 

현황에 대한 세션, 소아에서 감염 특성 세션, 질병관리본부와 식품의약품안전청이 참여하는 공동 

세션을 마련하였습니다. 

아울러 COVID-19과 관련하여 거의 모든 관심이 쏠려 있지만 기존의 백신과 관련된 연구 활동 등을 

도외시 할 수 없습니다. 대한백신학회에서는 백신을 통한 건강 지킴을 위해 올해부터 “건강백신 건강백세”

라는 표어 아래 백신에 대한 총괄적인 활성화를 도모하고자 합니다.

회원 여러분의 많은 참여와 성원을 부탁드립니다.

2020년 9월 

대한백신학회 회장 황 응 수

인   사   말
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Immune responses in children with COVID-19

Yae-Jean Kim, MD, PhD

Sungkyunkwan University, School of Medicine, Samsung Medical Center

In general, children are more vulnerable to other infections. However, most pediatric patients with 

laboratory-confirmed SARS-CoV-2 infection are mild; severe COVID-19 disease in children is rare except 

the cases with the multisystem inflammatory syndrome in children (MISC-C) while adults can be infected 

with different outcomes, from asymptomatic, mild, moderate to severe disease, and death. 

During the first months of life, maternal antibodies protect the child from the microorganism. The fre-

quent infections in the first years of life help children build the repertoire of memory T and B cells that 

will protect the children from reinfection by commonly encountered pathogens.

It is of interest which underlying mechanism or difference exists between children and adults in terms 

of the immune response to SARS-CoV-2 infection. Although the immune system of children can be con-

sidered as immature compared to healthy young adults, their immune system is quite competent even 

when compared to older adults with immune senescence. The immune preparedness of children to any 

new pathogens, such as SARS-CoV-2 might be explained from previous observations. 

First, in the early phases of infection, natural antibodies play a most important role. Natural antibodies, 

mostly of IgM isotype and generated independently of previous antigen encounters, have a broad reactivity 

and a variable affinity. They contain the infection during the 2 weeks necessary for the production of 

high-affinity antibodies and memory B cells that will clear the virus and prevent reinfection. High-affinity 

antibodies are expressed by switched memory B cells. In humans, natural antibodies are produced by 

innate or IgM memory B cells that are generated independently of the germinal centers and are most 

abundant in children. Second, children have the ability to rapidly produce natural antibodies with broad 
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reactivity that have not yet been selected and shaped by the reaction to common environmental 

pathogens. Third, when a novel pathogen challenges the immune system, a particular group of memory 

B cells might play a crucial role in being capable of a more rapid reaction than naïve B cells. 

In addition to the natural infection, the immune response to SARS-CoV-2 vaccine in children needs 

to be also investigated when the vaccine is available in the future. Further information on the immune 

response to SARS-CoV-2 in children is needed in the various clinical spectrum and age groups, young 

children and older children. 
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A Skewed Treg/Th17 Immune Responses induced by 
Helicobacter pylori infection in Mouse model 

Dong-Hae Lee1, Jong-Hun Ha1, Jeong-ih Shin1, Seung-Chul Baik1,2, Hyung-Lyun Kang1,2, 
Min-Kyoung Shin1,2, Woo-Kon Lee1,2, and Myunghwan Jung1,2*

1Department of Microbiology, College of Medicine, Gyeongsang National University, Jinju, Korea
2Research Institute of Life Science, Gyeongsang National University, Jinju, Korea

배경: More than 50% of the population of the world has been reported to be infected by Helicobacter 

pylori (H. pylori), which is a causative pathogen of chronic gastritis and is known to induce gastric cancer. 

In previous studies, bacterial toxic factors such as CagA and VacA have been identified as a cause of 

chronic gastritis in H. pylori infection. Immune responses to H. pylori infection can be characterized by 

chronic inflammatory without complete clearance, of which mechanisms are not clear. 

방법: In this study, we attempted to investigate the immune responses to H. pylori infection, focusing 

on dendritic cells (DCs) that initiate immune responses by antigen presentation. Our study explored the 

mechanisms of chronic inflammatory and low level of clearance through analysis of regulatory T cell 

(Treg) immune responses induced by H. pylori-pulsed DCs in a mouse model. To complete our aims, 

mouse DCs were pulsed and primed by H. pylori infection with 10 MOI for 18 h. The immunological 

properties of H. pylori-pulsed mouse DCs were investigated. CD4+ T cells isolated from mouse spleens 

were co-cultured with H. pylori-pulsed DCs for 72 h, and their immune responses were also evaluated. 

Characterizing immune responses of DCs and CD4+ T cells were investigated using quantitative RT-PCR, 

microarray, fluorescence microscopy, and flow cytometry. 

결과: H. pylori-pulsed DCs showed decreased abilities in cell activity, antigen-presentation, and in-

flammatory induction 18 h after H. pylori infection. H. pylori-pulsed DCs were also found to activate 

CD4+ T cells as a high level of Tregs, which led an imbalance of the Treg/Th17 immune responses. 
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결론: Based on the results observed in this study, the low levels of clearance against H. pylori might 

be attributed to the malfunction of DCs and the imbalance of Treg/Th17 immune responses.

*This work was supported by the National Research Foundation of Korea (NRF) grant funded by the 

Korea government (MSIT) (No. 2017R1C1B5076887 and 2019R1I1A3A01059312) 

Keywords: Helicobacter pylori, Dendritic cells, Th17 immune responses, Regulatory T cell immune re-

sponses 
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Formalin inactivated respiratory syncytial virus 
vaccine enhanced diseases and protective roles of 

CD8 T and NK cells during RSV infection in a 
CD4-deficient mice model 

고은주

제주대학교 수의과대학 미생물학교실 

배경: Respiratory syncytial virus (RSV) causes severe respiratory inflammation and symptoms in infants 

and young children. A failed vaccine, formalin inactivated RSV (FI-RSV) induced vaccine enhanced disease 

by imbalanced T helper 2 immune responses. 

방법: In this study, we have used wild type C57BL/6 and CD4 knockout (CD4KO) mice models to better 

understand the roles of the CD4 T cells and immune parameters contributing to enhanced respiratory 

disease after FI-RSV vaccination and RSV challenge. 

결과: In a CD4KO mouse model, the vaccine enhanced disease parameters caused by RSV infection 

after FI-RSV immunization were significantly reduced but NK cells and cytokine expressing CD8 T cells 

in the airway were increased. Depletion of CD8 T cells and NK cells from the FI-RSV-immunized CD4KO 

mice during RSV infection led to severe vaccine enhanced diseases by a loss in interferon-gamma pro-

duction and lung viral control, respectively. 

결론: This study demonstrated cellular mechanisms of RSV protection and enhanced respiratory disease 

in a CD4-deficient condition. 

Keywords: Respiratory syncytial virus, FI-RSV, vaccine enhanced disease, CD8 T cell, NK cell 
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Protection and Immune responses on Avian 
Influenza by Administration of Protein Coated 

Influenza H9N2 HA2 and M2e mRNA Molecules 

John Hwa Lee, Jiyoung Park, Chamith Hewawaduge, SungWoo Park 

College of Veterinary Medicine, Jeonbuk National University, Iksan, Korea 

배경: Chitosan nanoparticles (CNPs) represent an efficient vaccination tool to deliver immunogenic anti-

gens to antigen-presenting cells (APCs), which subsequently stimulate protective immune responses 

against infectious diseases. In this study, we show that HA2 and M2e antigens elicit a broad spectrum 

of protection against avian influenza viruses (AIVs) and that incorporation of their mRNAs in vaccine for-

mulation is an effective strategy to induce superior immune responses. 

방법: Herein, we prepared CNPs encapsulating mRNA molecules followed by surface coating with con-

served H9N2 HA2 and M2e influenza proteins. 

결과: We demonstrated that CNPs efficiently delivered mRNA molecules into APCs and effectively pene-

trated the mucosal barrier to reach the immune initiation sites. To investigate the potential of CNPs deliv-

ering influenza antigens to stimulate protective immunity, we intranasally vaccinated chickens with empty 

CNPs, CNPs delivering HA2 and M2e in both mRNA and protein formats (CNPs + RNA + Pr), or CNPs 

delivering the antigens in the protein format only (CNPs + Pr). Our results demonstrated that chickens 

vaccinated with CNPs + RNA + Pr elicited significantly (p < 0.05) higher systemic IgG, mucosal IgA anti-

body responses and cellular immune responses compared to the CNPs + Pr vaccinated group. 

Consequently, upon challenge with either H7N9 or H9N2 AIVs, in the context of viral load and lung 

pathology, efficient protection was observed in chickens vaccinated with CNPs + RNA + Pr than in the 

CNPs + Pr vaccinated group. 

결론: Conclusions: In conclusion, we show that HA2 and M2e antigens elicited a broad spectrum of 

protection against AIVs and that incorporation of mRNAs in a vaccine formulation is an effective strategy 

to induce superior immune responses. 
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Observation of Uptaking, Cytotoxicity, and 
Clearance in Chicken Macrophages and Lymphoid 
Organs by an Attenuated Salmonella Typhimurium 

John Hwa Lee, Jiyoung Park 

College of Veterinary Medicine, Jeonbuk National University, Iksan, Korea 

배경: In the present study, we developed an O-antigen-deficient, live, attenuated Salmonella typhimu-

rium (ST) strain (JOL2377) and assessed its safety, macrophage toxicity, invasion into lymphoid tissues, 

immunogenicity, and protection against Salmonella infection in chickens. 

방법: The JOL2377 presented significantly lower cytotoxicity and elicited a significantly higher level 

of cytokine response (IL-2, IL-10, IL-4, and IFN-γ) than did the WT strain upon macrophage uptake. 

결과: It did not persist in macrophages or in chicken organs and rapidly cleared without systemic 

infection. None of the chicken were found to secrete Salmonella in feces into the environment, indicating 

its attenuation. Interestingly, JOL2377 was successfully detected in immunological hot-spots, such as the 

spleen, liver, and bursa of Fabricius, demonstrating efficient antigen presentation and immune stimulation. 

Mucosal and parenteral immunization with JOL2377 significantly elicited antigen-specific humoral (IgY) 

and cell-mediated responses marked by peripheral blood mononuclear cell proliferation, cytokine in-

duction, increase in T-cell responses compared with those in the non-immunized control. JOL2377 did 

not generate significant levels of LPS-specific antibodies as compared to the WT strain due to the lack 

of immunogenic O-antigen component from its LPS structure. 

결론: Upon virulent challenge, route-dependent differences in efficacy were noted; the intramuscular 

route was found to be superior to the oral route for reducing splenic and liver colonization of ST. The 

low cytotoxicity, virulence, and superior immunogenicity of JOL2377, which effectively engaged both hu-

moral and IFN- γ-mediated CMI responses, make it an ideal strain for host immune modulation to fight 

against the intracellular pathogen Salmonella. 
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Immune Response and Protection Efficacy 
by a Salmonella Enteritidis Ghost Displaying 

a Surface FliC Adjuvant 

John Hwa Lee, SungWoo Park

College of Veterinary Medicine, Jeonbuk National University, Iksan, Korea 

배경: Salmonella enterica serovar Enteritidis (SE) is one of the most common pathogens of foodborne 

diseases in humans, owing to its horizontal transmission from infected animals to humans. The develop-

ment of a safe vaccine against Salmonella would be important for both farm animals and humans with 

respect to disease containment. 

방법: SE ghosts carrying flagellin (FliC) were genetically constructed using a special ghost plasmid 

pJHL184 that co-expressed FliC and the phage lysis gene E. These SE ghosts were characterized by ghost 

generation efficacy by increasing the culture temperature to 42oC in the absence of L-arabinose. This 

temperature change led to a ghost generation with almost complete lysis of the SE host strain in 48 hrs. 

결과: The expression of FliC was confirmed by western blot analysis. Furthermore, indirect ELISA was 

used to prove FliC-specific antibody generation in immunized mice. The parenteral adjuvant effect of 

the FliC antigen was demonstrated by immunizing mice with pJHL184::flC, pJHL184 alone, or PBS alone. 

The mice were intramuscularly immunized at six weeks of age (n = 8) and boosted after three weeks 

of primary inoculation. A total of 32 mice were equally divided into four groups. Each group was treated 

with pJHL-ghosts alone or ghost displaying FliC adjuvant on the surface, and the treated groups were 

compared with the PBS and naïve control groups. The immunized mice demonstrated greater IgG and 

IgA antibody responses than did the PBS control group. Furthermore, the addition of the ghosts to the 

FliC led to a significant increase in both the humoral and cell-mediated immune responses compared 

with those in the ghost alone group. In addition, the in vitro antigen uptake and presentation studies 
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revealed efficient antigen presentation on the mouse macrophage surfaces. This finding further corrobo-

rated the potential efficacy of immune stimulation by SE ghosts. After virulent challenge, we observed 

a significant reduction in the bacterial load in the spleen and liver tissues of groups treated with SE ghosts 

displaying FliC adjuvant on the surface. 

결론: Our results demonstrate a safe and effective strategy to prevent salmonellosis. They also suggest 

that the surface expression of FliC significantly enhances antigen-specific humoral and cell-mediated im-

mune responses. This FliC expression can also enhance the protective efficacy of the bacterial 

ghost-based vaccine against a virulent challenge. 
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The role of multi-infections and typing of human 
papillomaviruses diagnosed through 

next-generation sequencing to predict clinical 
symptoms 

Sang-Yeon Kim*, Ji-Hye Kim**, Kyung-A Hwang***, Ji-Hoon Ahn***, Jae-Hwan Nam**** 

*Department of Biotechnology, Catholic University of Korea, Bucheon, Korea, 
Department of Quality Assurance, SML Genetree, Seoul, Korea,

**Department of Medical Nutrition, Kyung Hee University of Korea, Yongin, Korea, 
***Department of Quality Assurance 

배경: Human papillomavirus (HPV) is associated with cervical cancer, and more than 100 types have 

been identified to date. 

방법: In this study, the investigators genotyped 2,436 samples from women with next-generation se-

quencing (NGS) technology to reveal the relationships between multi-infections, types of viruses, and 

clinical symptoms. 

결과: NGS revealed that 58, 56, and 16 genotypes were the most common high-risk types, while 90, 

54, and 81 genotypes were the most common low-risk genotypes. Atypical squamous cells of un-

determined significance (ASCUS) or high-grade squamous intraepithelial lesions (HSIL) accounted for 

11.45% in single-type cases, whereas they accounted for 27.17% in more than two types multi-infection 

cases. The ASCUS or HSIL totaled 29.79% in only high-risk type multi-infections, and represented 29.81% 

in mixed groups with high- and low-risk type multi-infections, whereas they totaled 18.79% in only 

low-risk type multi-infections (P ≤ 0.0001). 

결론: This means that low-risk HPVs, when they were co-infected with high-risk HPVs, were more 

likely to cause cellular lesions. When considered together, these results demonstrated that greater frequen-

cies of cell lesions resulted from higher multiple-infections. Thus, to predict the clinical symptoms, it 

is necessary to confirm the HPV type and multi-infections through NGS. 
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Development and evaluation of novel 
FMD(Foot and Mouth disease) vaccine adjuvant 

Young-Hoon Ahn1,3, Young-Jung Shim1, Sung-Sik Yoo1, Eun-Hee Kim1, 
Jong-Soo Lee2, Cheong-Weon Cho3* 

1Choong Ang Vaccine Laboratory Co., Ltd., 
2College of Veterinary Medicine, Chungnam National University,

3College of Pharmacy, Chungnam National University 

배경: Foot and mouth disease (FMD) is a highly contagious disease that infects cattle, pigs, sheep, and 

goats. FMD has a rapid transmission and cause enormous economic losses. Domestic foot-and-mouth 

disease vaccines are mostly dependent on imported foot-and-mouth disease vaccines from foreign vaccine 

manufacturers. New adjuvants are needed as the first step in developing a foot-and-mouth disease 

vaccine. In this study, We made different experimental FMD vaccines using new adjuvant (CAvant® SOE) 

and ISA201 (SEPPIC, France) and then conducted tests to compare the enhancement in pig immunity.

방법: Eight healthy pigs (10 weeks old) were divided into two test groups (n=3 each group; CAvant® 

SOE, ISA201) and an unvaccinated control group (n=2). Pigs were vaccinated intramusculary at 10 weeks 

of age and blood samples were collected post vaccination at week 0, 2, and 4. At 4 weeks postvaccination, 

pigs were challenged with 10^5.0 TCID50/0.1 ml of FMDV A/Kimpo by intradermally injecting to the 

foot pad. 

결과: Clinical signs and Viremia after vaccination and challenge. Severe clinical signs appeared in the 

non-vaccinated group, and high titers of viruses in the non-vaccinated groups were detected from serum 

and oral swab. In the case of CAvant® SOE-adjuvanted vaccine, the titer of virus not detected from serum, 

and no clinical signs appeared. In the case of ISA 201, which is a commercial vaccine adjuvant, protection 

was not induced in one pig, which showed moderate clinical signs. Immune responses after vaccination 

with CAvant® SOE adjuvant in pig. The average S/N antibody titer in vaccinated pigs at CAvant® SOE 

group increased significantly compared to ISA201 group. 
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결론: In this study the effect of vaccination of FMD was evaluated by clinical score, viremia, and S/N 

test. In S/N test, the CAvant® SOE group showed significantly higher than the ISA201 group. The clinical 

score and viremia post challenge suggested that CAvant® SOE-adjuvanted vaccine is effective in the pre-

vention of FMD in pigs. 

Keywords: Foot and mouth disease virus, Vaccine, Adjuvant, CAvant® SOE 
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Development of new canine parvovirus-2a VP2 
protein in SF9 cells using the baculovirus 

expression system 

Hyeonhae Choi, Yoon-Hee Lee, Seo Young Moon, Suyeong Yun, Min Ji Kim, 
Soo-dong Cho, Jienny Lee, Bang-hun Hyun, In-Ohk Ouh* 

Viral Disease Division, Animal and Plant Quarantine Agency, Gimcheon 39660, Gyeongsangbuk-do, Republic of Korea 

배경: Canine parvovirus type 2 (CPV-2) emerged as a major pathogen of dogs worldwide, which is prob-

ably derived from the long known feline panleukopenia virus (FPV). CPV represents one of the main causes 

of acute gastroenteritis, fever, vomiting and diarrhea in young dogs. After one year, its emergence, the 

original CPV-2 continued to evolve and was completely replaced by 3 variants, CPV-2a, 2b and 2c. Because 

Virus-like particles (VLPs) act like a subunit vaccine that mimic the structure of authentic ones, it has 

the potential to be used as vaccine candidates. Therefore, the purpose of this study is to produce recombi-

nant VP2 protein of new canine parvovirus-2a using the baculovirus expression system in SF9 insect cells. 

방법: The current study focused on the expression of recombinant VP2 protein using Bac-to-Bac system. 

New CPV-2a-VP2 sequence (1,752 bp) was analyzed and the correct insertion of the new CPV-2a VP2 

was confirmed by PCR. We also showed the expression of new CPV-2a-VP using an immunofluorescence 

staining in SF9 cells infected with the recombinant baculovirus at a MOI of 0.1 for virus amplification. 

The recombinant VP2 proteins from cell pellet or supernatant were confirmed by western blotting and 

the hemagglutination (HA) assay in baculovirus infected SF9 cells. 

결과: We confirmed that the recombinant new CPV-2a VP2 protein were generated with a high HA 

titer (HA = 1:1024) in baculovirus infected SF9 cells. Strong green fluorescence was observed in the bacu-

lovirus infected SF9 cells, but not in the uninfected control. A single band was strongly expressed at 

approximately 65 kDa molecular weight in SF9 cells by western blotting analysis. 
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결론: In conclusion, this study suggests possibilities that recombinant VP2 protein expressed in SF9 

cells could be used as an efficient subunit vaccine candidate against CPV infection. 

Keywords: Canine parvovirus type 2 (CPV-2), New CPV-2a, VP2 protein, SF9 cells 
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Production of VP2 protein of canine parvovirus-2c in 
SF9 cells using the baculovirus expression system 

Hyeonhae Choi, Yoon-Hee Lee, Seo Young Moon, Suyeong Yun, Min Ji Kim, 
Soo-dong Cho, Jienny Lee, Bang-hun Hyun, In-Ohk Ouh* 

Viral Disease Division, Animal and Plant Quarantine Agency, Gimcheon 39660, Gyeongsangbuk-do, Republic of Korea 

배경: Canine parvovirus type 2 (CPV-2) is a globally distributed pathogen that is highly contagious in 

dogs. CPV represents one of the main causes of acute gastroenteritis, fever, vomiting and diarrhea in 

young dogs. Canine parvovirus is a small, non-enveloped virus containing linear ssDNA genomes (5kb), 

which encodes three structure proteins (VP1, VP2 and VP3) and two non-structure proteins (NS1 and 

NS2). The VP2 protein is the predominant structure protein of CPV and plays an essential role in the 

transmission and infection of CPV. So, the VP2 protein is generally considered as a potentially protective 

antigen and it can be used as a CPV subunit vaccine. 

방법: Here, we studied the expression of VP2 protein of CPV-2c using the baculovirus expression 

system. The recombinant baculovirus containing the coding sequence of VP2 with the His tag at the 

N-terminus was generated using the Bac-to-Bac system. Propagation of recombinant baculovirus and ex-

pression of the recombinant VP2 protein were performed in SF9 insect cell line. The recombinant VP2 

proteins from cell pellet or supernatant were confirmed by western blotting and the hemagglutination 

(HA) assay in baculovirus infected SF9 cells. 

결과: The result showed that the recombinant VP2 protein bands were appeared at 65 kDa molecular 

weight strongly in the cell pellet in the baculovirus infected SF9 cells. Also, the HA activity assay indicated 

that high yield (HA = 1:2048) of CPV-2c expressed in baculovirus infected SF9 cells. 

결론: In conclusion, these results indicated that the recombinant baculovirus infected SF9 cell express 

the recombinant VP2 protein and the antigenic properties of CPV-2c VP2 protein in vitro could be used 

for vaccine and the agent of diagnostic tests for CPV or other animal diseases. 

Keywords: Canine parvovirus type 2 (CPV-2), CPV-2c, VP2 protein, SF9 cells 
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Diversity of a reassortant H1N1 swine influenza virus 
isolated from domestic pigs in the Republic of Korea 

In-Ohk Ouh, Min Ji Kim, Hyeonhae Choi, Seo Young Moon, Suyeong Yun, 
Soo-dong Cho, Jienny Lee, Bang-hun Hyun, Yoon-Hee Lee

Viral Disease Division, Animal and Plant Quarantine Agency, Gimcheon 39660, Gyeongsangbjk-do, Republic of Korea 

배경: Influenza A viruses (IAVs) are a single-stranded negative-sense RNA viruses of the genus 

Orthomyxovirus and family Orthomyxoviridae. They can infect wide variety of host species including avi-

an and mammalian species. swIAVs Iinfection of IAVs in pigs is not only an economic burden on the 

the industry, but also a potential threat to public health. This viral infection impacts mortality rates by 

further contribution to respiratory disease in pigs and causes of financial losses through decreased 

production. In addition, pigs are known as an intermediate host of IAVs, because both avian and mamma-

lian IAVs can infect pigs. A novel pandemic influenza A/H1N1 (pH1N1) widely raised public concern about 

swIAVs in 2009. Thus, it is necessary to monitor consistently a novel swIAVs variants to decrease public 

health concern and save economic cost of swine industry. 

방법: Total 557 swine lung tissue samples were obtained from domestic pig farms or slaughter houses 

in 2018. The viral RNAs of samples were extracted using viral gene-spinTM viral DNA/RNA extraction 

kit (Intron, Korea), and tested using VDX® SIV NF MP RT-PCR kit (Median, Korea) for swIAVs detection. 

The positive samples were amplified, isolated and sequenced as eight viral segments. The sequences of 

Hemagglutinin (HA) of newly isolated swIAVs were phylogenetically analyzed with reference HA sequences 

of IAVs (Bravo-Vasquez et al., 2017) from NCBI using MEGA7 program. 

결과: The genome of A/swine/Korea/GN-1/2018 (H1N1) strain is consisted of the following eight gene 

segments: polymerase (PB2, PB1, and PA), hemagglutinin (HA), nucleoprotein (NP), neuraminidase (NA), 

matrix protein (M), and nonstructural protein (NS). The sequence of the PB2 gene consisted of 2,370 
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nucleotides (nt), the PB1 gene 2,341 nt, the PA gene 2,264nt, the HA gene 1,805nt, the NP gene 1,565 

nt, the NA gene 1,488 nt, the M gene 1,027 nt, and the NS gene 890 nt. 

결론: In conclusion, the full-genome sequence of a novel reassortant H1N2 influenza A virus strain. 

Keywords: Swine influenza virus, Pig, H1N1 
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Protective efficacy of vaccines of the Korean 
national antigen bank against the homologous H5Nx 
clade 2.3.2.1 and clade 2.3.4.4 highly pathogenic 

avian influenza viruses 

Yong-Myung Kang, Hyun-Kyu Cho, Hyun-Mi Kim, Chi-Ho Lee, Do-Young Kim, 
Sang-Hyun Choi, Seo-Jung Park, Myoung-Heon Lee, Thanh Long To*, and Hyun-Mi Kang 

Animal and Plant Quarantine Agency, 177 Hyeoksin 8-ro, Gimcheon-si, Gyeongsangbuk-do 39660, Republic of Korea
*National Center for Veterinary Diagnostics, No. 11, 78th Lane, GiaiPhong Road, Dong Da, Ha Noi, Vietnam 

배경: In Korea, HPAI outbreaks in 2016–2017 caused unprecedented damage to the poultry industry. 

During this outbreak, demand for AI vaccination was increased from poultry producers and animal-welfare 

organizations. Therefore, the Korean government therefore made decision to establish a HPAI national anti-

gen bank, in which 50 million inactivated-vaccine doses have been reserved for emergency vaccination. 

방법: We developed five vaccines for this bank (clade 2.3.2.1c, clade 2.3.4.4a, b, c, and d) from two 

clades with a high possibility of introduction to Korea by reverse genetics, inactivated them with formalin, 

and evaluated the protective efficacy and potency of serial dilutions (one, 1/10 and 1/00 dosage) against 

lethal homologous challenge in specific-pathogen-free chickens. 

결과: At one dose, each vaccine resulted in 100% survival, with no clinical symptoms or virus shedding, 

and high levels of protective immunity (8.4 - 10.2 log2) pre-challenge. With one-tenth the initial dosage, 

protection was similar to that with one dose vaccination. With one-hundredth the initial dosage, survival 

was 20–80%, and all vaccines showed virus shedding. Four vaccines (excluding clade 2.3.2.1c) had sat-

isfactory potency. In antibody-persistence tests, all vaccines maintained long-lasting protective immunity. 

결론: Our results suggest that emergency vaccination can be used for outbreaks of HPAI, and that in-

activated reverse-genetics vaccines genetically matched to outbreak viruses can provide adequate pro-

tection with a single vaccination. 

Keywords: HPAI, antigen bank, SPF chickens, vaccination 
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Protection of layers and breeders against 
homologous or heterologous HPAI viruses by 
vaccines from Korean national antigen bank 

Yong-Myung Kang, Hyun-Kyu Cho, Hyun-Mi Kim, Chi-Ho Lee, Do-Young Kim, 
Seo-Jung Park, Sang-Hyun Choi, Myoung-Heon Lee, and Hyun-Mi Kang

Animal and Plant Quarantine Agency, 177 Hyeoksin 8-ro, Gimcheon-si, Gyeongsangbuk-do 39660, Republic of Korea 

배경: Korean government has selected and stocked five type antigens of two clades as Korean national 

antigen bank having high possibility of introduction to Korea. We aimed to evaluate the efficacy of the 

clade 2.3.2.1c and 2.3.4.4c H5Nx vaccines from the Korean avian influenza (AI) national antigen bank 

for emergency preparedness for their potency and protective efficacy against lethal homologous and het-

erologous viruses in layer and breeder chickens practically. 

방법: Two different H5 HPAIVs (A/duck/Korea/ES2/2016 (H5N6, clade 2.3.4.4c)) and A/chick-

en/Vietnam/NCVD-KA435/13 (H5N1, clade 2.3.2.1c)) were used as inactivated-vaccine seed strains which 

were prepared from reverse genetics-derived containing each HA and NA gene, and the remaining six 

gene segments from PR8 strain. They were inactivated with formalin, and evaluated the protective efficacy 

and potency of serial dilutions (one, 1/10 and 1/00 dosage) against lethal homologous and heterologous 

challenge in layer (Hy-line brown) and breeder (Ross). 

결과: The PD50 (dose of vaccine that protects 50% of chickens from viral challenge) of all vaccinated 

groups was > 50, which was satisfied with minimum antigen requirement of OIE, and the PD50 levels 

of the two vaccines differed depending on strain and chicken breed. In homologous challenge, all vacci-

nated groups exhibited 100% survival with no clinical symptoms and high levels of pre-challenge pro-

tective immunity (7.2 - 8.5 log2), although they did not completely prevent virus shedding. On the other 

hand, against heterologous virus challenge, vaccinated animals exhibited 62.5 - 80% survival with lower 

antibody titers (2.3 - 3.4 log2) and a longer period of virus shedding (till the 14 days post infection [dpi]). 
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결론: Our results suggest that the clade 2.3.2.1c and 2.3.4.4c H5Nx vaccines are good candidates for 

emergency vaccination of commercial chickens and support the idea that close genetic matching between 

vaccine and challenge virus provides the best protection. 
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Porcine parvoviruses isolated from aborted pig fetus 
in Republic of Korea 

Suyeong Yun, In-Ohk Ouh, Hyeonhae Choi, Seo Young Moon, Min Ji Kim, 
Soo-dong Cho, Jienny Lee, Bang-hun Hyun, Yoon-hee Lee* 

Viral Disease Division, Animal and Plant Quarantine Agency, Gimcheon 39660, Gyeongsangbuk-do, Republic of Korea 

배경: Porcine parvovirus causes not only reproductive failure in susceptible sows, but also skin lesions, 

diarrhea and non-suppurative myocarditis in piglets. Moreover, co-infection of PPV and porcine circovirus 

type 2 (PCV2) leads to the post-weaning multisystemic wasting syndrome (PMWS). However, there is lim-

ited information regarding distribution and phylogenetic characterization of PPVs in Republic of Korea. 

Here, we provide the isolation and the phylogenetic characteristics of PPVs from aborted pig fetus. 

방법: Porcine samples (lung tissues) were obtained from aborted pig fetus in 2019. The PPV positive 

samples were lysed with medium and centrifuged at 3,000 rpm for 10 min to obtain the supernatant. 

All supernatants were aliquoted and stored at -80℃ until further genetic analysis. The virus was isolated 

successfully in the ST cell line. The cytopathic effects on the cells were observed and an indirect immune 

fluorescence assay was performed to identify ST cells infected by PPV. PCR amplifications were conducted 

with a pair of primers (PPV1F and PPV1R) for VP2 gene detection and genome sequencing. The phyloge-

netic tree of PPV VP2 genes were constructed using the Mega 7 software with reference sequences in 

GenBank database, neighbor-joining method and 1,000 replicates of the bootstrap values. 

결과: We detected PPV and sequenced each VP2 genes. The lengths of all of amplified VP2 genes were 

1,740bp. The similarities of sequenced VP2 genes to NADL-2 strain (vaccine strain) were 99.1 – 99.4% 

for nucleotides and 97.8 – 98.6% for deduced amino acids. 
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결론: In conclusion, our study provides insight into the evolution of PPV in Republic of Korea. Further 

studies on the antigenic variability and genetic analysis of PPV isolated from different geographical regions 

are needed for better understanding the pattern of evolution of PPV. This study will provide up-to-date 

genetic diversity information and understanding into the development of an effective vaccine. 

Keywords: Porcine parvovirus(PPV), VP2 gene, NADL-2 strain, Pig 
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Seroprevalence of the swine influenza A virus in 
domestic pigs in the Republic of Korea 

Seo Young Moon, In-Ohk Ouh, Hyeonhae Choi, Suyeong Yun, Min Ji Kim, 
Soo-dong Cho, Jienny Lee, Bang-hun Hyun, Yoon-Hee Lee*

Viral Disease Division, Animal and Plant Quarantine Agency, Gimcheon 39660, Gyeongsangbuk-do, Republic of Korea 

배경: Influenza A virus (IAV) causes respiratory disease in birds as well as mammals, including pigs 

and human beings. Infection of IAVs in pigs increases not only economic losses in swine industry, but 

also incurs the emergence of novel variants of IAVs by gene reassortment due to the susceptibility to 

both avian and human IAVs. This study provides a brief serological study to detect the infection of IAVs 

in pig populations in the Republic of Korea from 2018 to 2019. 

방법: A total of 1,559 samples were collected from domestic pig farms. Hemagglutinin inhibition (HI) 

assays were performed with the A/Swine/Korea/25-13 (H1N1), A/Swine/Korea/E102 (H1N2) and 

A/Swine/Korea/Cy10/2007 (H3N2) as antigens. 

결과: HI assay showed that 456 samples were seropositive (29.2%). Among these, H1N1, H1N2 and 

H3N2 were 14.1%, 13.9% and 12.1%, respectively. Co-infections of H1N1/H1N2, H1N1/H3N2, 

H1N2/H3N2 and H1N1/H1N2/H3N2 were 4.2%, 2.9%, 3.7% and 1.7% respectively. 

결론: This study was performed to estimate the seroprevalence of swine influenza in the Republic of 

Korea. The seropositive rates including co-infection rates suggested the circulation of swine influenza 

virus in domestic pig populations from 2018 to 2019. So it is necessary to continuously monitor seropreva-

lence in domestic pig populations and additional surveys are required to monitor the infection of variant 

subtypes of swine influenza virus (H5, H7, H9). 
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Plant synthetic Porcine parvovirus VP2 proteins 
elicit immune responses in guinea pigs 

Suyeong Yun, In-Ohk Ouh, Hyeonhae Choi, Seo Young Moon, Min Ji Kim, 
Soo-dong Cho, Jienny Lee, Bang-hun Hyun, Yoon-hee Lee* 

Viral Disease Division, Animal and Plant Quarantine Agency, Gimcheon 39660, Gyeongsangbuk-do, Republic of Korea 

배경: Porcine parvovirus (PPV) is a causative agent of reproductive failure in pregnant sows that is 

characterized by stillbirths, mummified fetuses, and early embryonic. To solve these problems, Plants are 

considered as a one of promising platforms for extensive production of recombinant proteins. We have 

expressed a recombinant VP2 protein of Porcine parvovirus in transformed Nicotiana benthamiana. 

방법: Nicotiana benthamiana was used to express recombinant VP2 protein of porcine parvovirus. Four 

weeks after sowing the seeds in soil, plants were transformed with Agrobacterium tumefaciens strain 

GV3101 using the floral dip method. One gene and vector constructs - Korean PPV 82 VP2 - were initially 

produced. The full recombinant VP2 genes were synthesized after codon optimazation. We demonstrated 

the successful production of recombinant protein vaccine candidates by expressing codon-optimized 

complete VP2 proteins of PPV in Nicotiana benthamiana. To examine immunogenicity, guinea pigs and 

domestic pigs were innoculated with extracts from the leaves expressing the VP2 antigens (2 times at 

2-week intervals). Antibody titer in serum was examined by Hemagglutination Inhibition (HI) assay at 

1:2 dilution. Thus, plant-derived VP2 proteins provided an alternative platform for producing an effective 

subunit vaccine candidate against PPV.

결과: We demonstrated successful expression VP2 proteins of porcine parvovirus in Nicotiana 

benthamiana. Guinea pigs and domestic pigs immunized with transgenic plants expressing VP2 proteins 

generated humoral immune responses to PPV. 
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결론: Inactivated vaccine is extensively used to control PPV infection, but problems Subunit vaccine 

which use only expressed recombinant proteins may solve these problems. Here, we demonstrate success-

ful production of recombinant protein vaccine candidates by expressing codon-optimized complete VP2 

proteins of PPV in Nicotiana benthamiana. 

Keywords: Porcine parvovirus(PPV), VP2 protein, subunit vaccine, Nicotiana benthamiana, Plant-based 

vaccine, Pig 
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Broadened immunity induced by avian influenza 
virus-like particles prevents from avian and human 

influenza virus infections 

강해지, 주기백, 김민주, 윤건웅, 이수화*, 문은경*, 전복실* ,**

경희대학교 일반대학원 기초의과학과, * 경희대학교 의과대학 의동물학교실, ** 경희대학교 의과대학 중점연구소 

배경: Avian influenza virus still remains threat for humans, and universal vaccines preventing their in-

fections in both avian and human are urgently needed. Influenza neuraminidase, the second major surface 

protein of influenza virus, has been reemerged as a potential target for universal vaccines. 

방법: In this study, we investigated the broadened immunity induced by avian virus - like particles 

(VLPs) vaccines containing single or multiple neuraminidases (N1, N6, N8) and one hemagglutinin (HA) 

from avian influenza. Mice (BALB/c) were immunized with VLPs and the vaccine efficacy was assessed 

by challenge infections with avian and human influenza viruses (A/H5N1, A/H3N2, A/H1N1). 

결과: One neuraminidase containing HA VLPs protected mice from body weight loss upon avian influen-

za (H5N1) challenge infection, while multiple neuraminidases containing HA VLPs protected mice from 

body weight loss and death upon human influenza (H3N2, H1N1) challenge infections. Neuraminidase 

inhibitory activities of VLPs, viral neutralizing activity of immune sera, and virus-specific antibody (IgG, 

IgA) responses were found to be inversely correlated with lung virus loads. 

결론: These results suggest that neuraminidase supplementation in avian HA VLPs is a promising ap-

proach for developing universal influenza A vaccine against avian and human influenza virus infections. 

Keywords: influenza virus, virus-like particles, neuraminidase, universal vaccine 
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Protective immunity induced by adjuvanted virus-like 
particles containing Toxoplasma gondii proteins 

주기백, 강해지, 김민주, 박현우*, 김휘*, 이수화**, 문은경**, 전복실**,*** 

경희대학교 일반대학원 기초의과학과, *주식회사 헬스파크, 
**경희대학교 의과대학 의동물학교실, ***경희대학교 의과대학 중점연구소 

배경: To date, a Toxoplasma gondii (T. gondii) vaccine for clinical use remains unavailable, though mul-

tiple vaccine candidates have been suggested. In our previous studies, unadjuvanted VLP vaccines ex-

pressing multiple T. gondii antigens were confirmed to be protective against T. gondii challenge infection. 

Yet, the protective efficacy of adjuvanted T. gondii VLP in comparison to the unadjuvanted counterpart 

requires elucidation. 

방법: In the present study, mice were immunized with the multi-antigenic VLP vaccines (TG146 VLP) 

with or without CpG adjuvants and their protective efficacies were compared. 

결과: CpG-adjuvanted TG146 VLP vaccine elicited enhanced T. gondii-specific IgG and IgA antibody 

responses in the sera, mucosal tissue, and the brain compared to unadjuvanted VLPs vaccine. Inclusion 

of CpG adjuvant in vaccines also induced greater CD4+ and CD8+ T cell responses, as well as B cell 

and germinal center B cell responses from splenocytes and mesenteric lymph nodes. Pro-inflammatory 

cytokine reductions were suppressed; and cyst counts in the brain were drastically diminished in mice 

immunized with CpG-adjuvanted VLP vaccines. 

결론: Our results demonstrate that CpG adjuvanted T. gondii VLPs can significantly enhance the pro-

tective efficacy of vaccines against T. gondii infection. 

Keywords: Toxoplasma gondii, adjuvant, vaccine, protection, virus-like particle 
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Sales and immunogenicity of commercial vaccines 
to H9N2 low pathogenic avian influenza virus 

in Korea from 2007 to 2017 

조현규, 강용명, 김현미, 이치호, 김도영, 박서정, 최상현, 이명헌, 강현미 

농림축산검역본부 동식물위생연구부 조류인플루엔자연구진단과 

배경: H9N2 low pathogenic avian influenza (LPAI) is a subtype of influenza A virus and found in various 

species of birds, including poultry and wild birds. The first case of H9N2 LPAI outbreak in Korea was 

1996. After that, it has become endemic since 1999 and caused continuous economic losses to poultry 

industry. The Korean government decided vaccination to minimize economic damage, and the vaccine 

has been distributed to local farms since the first half of 2007. 

방법: The present study was conducted to monitor sales activity and immunogenicity of commercial 

H9N2 vaccines produced in Korea from 2007 to 2017. 

결과: Recorded sales of H9N2 vaccine were around 671 million doses, with 10 million doses sold in 

2007, rising to a peak of 93 million doses in 2016, with a slight fall in 2017. Multivalent combined vaccines 

made up around 90% of all vaccine sales, and around 30% of all vaccines were distributed by regional 

governments for free. The regional vaccination rate was the highest in Gyeonggi and Chungnam, re-

spectively with proportional to the population of layer and breeder chickens. There have been no cases 

of field infection since 2009. The mean antibody titer was 5.82 log2 across the study period. 

결론: Our results suggest that continuous genetic monitoring of H9N2 viruses circulating in the field 

and updating the vaccine seed strain periodically are necessary in order to control H9N2 outbreaks. 

Keywords: Vaccine, Avian influenza, H9N2, Korea, Chicken 



e-Poster round 111

e-Poster 19

Multi-antigen carried recombinant vaccinia virus 
induces robust immunogenicity and protective 

effect in M. tuberculosis susceptible mouse model 
Jin-Seung Yun, Eunkyung Shin, Soo Hwan Kim, Gyung Tae Chung, 

Jung-Sik Yoo, and Hye-Sook Jeong*

질병관리본부 국립보건연구원 백신연구과 

배경: In a research for development of tuberculosis vaccine, animal model selection are important part 

in pre-clinical stage. To evaluate efficacy, we also select susceptible strain, 129S1/SvImJ (129S) mice. In 

our previous study, we generated rVV-TB2 by integrating TB10.4 and HspX into attenuated vaccinia virus 

KVAC103 and confirmed protective effect in H37Rv aerosol infection using C57BL/6 known as TB resistant 

mouse. In this study, we examined whether rVV-TB2 has showed great immunogenic effect also in sus-

ceptible mouse. 

방법: 129S mice was immunized with BCG Pasteur 1173P2, 2X105 CFUs on each mice. To boost BCG 

effect, rVV-TB2 immunized with 5X107 IFU on each mouse in two times at 4 weeks intervals. All regimen 

was fulfilled subcutaneously. 1 week after final immunization, lungs and spleens were collected and T 

lymphocyte from each organ was stimulated with PPD or Ag85B, TB10.4 and HspX peptide mixture at 

100ng/ml and then, IFN-gamma ELISPOT, IgG measurement was performed. Another batch of mice was 

challenged via aerosol at 3 weeks after final immunization and was monitored survival rate and body 

weight until post infection 19 weeks. 

결과: Compared with normal and BCG immunized group, we could detect more antigen specific IgG 

titer in the sera of rVV-TB2 immunized mice. Moreover rVV-TB2 showed not only antibody production 

but also induction of IFN-γ forming cells both in lung lymphocyte and splenocyte. More importantly 

we confirmed that rVV-TB2 enhanced protection against H37Rv aerosol infection. At 19 weeks after in-

fection, normal group exhibited 0% survival rate but 75% of rVV-TB2 immunized group was survived. 
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결론: In a conclusion, 129S seems a proper model to test efficacy when it is considered that normal 

group showed susceptibility in H37Rv challenge. And also, we suggest that rVV-TB2 could be feasible 

TB vaccine with great immunogenicity and protective effect. 

Keywords: Mycobacterium tuberculosis, BCG, Vaccine efficacy, Attenuated vaccinia virus 
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Virus-like particles containing Plasmodium berghei 
MSP-8 induce protection against P. berghei infection 

이수화*, 강해지**, 주기백**, 김민주**, 윤건웅**, 전복실*,***

*경희대학교 의과대학 의동물학교실, **경희대학교 일반대학원 기초의과학과, ***경희대학교 의과대학 중점연구소

배경: Merozoite surface protein 8 (MSP-8) of Plasmodium parasites play an important role in erythrocyte 

invasion and is a potential malaria vaccine candidate. 

방법: In this study, virus-like particles (VLPs) expressing MSP-8 of Plasmodium berghei on the surface 

of influenza virus matrix protein 1 (M1) core protein were generated for vaccine efficacy assessment. 

Mice were intramuscularly (IM) immunized with MSP-8 VLPs twice and challenge-infected with P. 

berghei. 

결과: We found that VLP vaccination elicited higher levels of P. berghei-specific IgG antibody response 

in the sera, along with blood CD4+ and CD8+ T cell response enhancement compared to the naïve control 

mice. CD4+ and CD8+ effector memory T cell and memory B cell responses in the spleen were found 

to be higher in VLP-immunized mice compared to control mice. VLP vaccination significantly reduced 

inflammatory cytokines (IFN-γ, IL-6) responses in the spleen and parasitemia levels in blood compared 

to naïve control mice. 

결론: These results indicate that MSP-8 containing virus-like particles could be a vaccine candidate 

for blood-stage vaccine design. 

Keywords: Plasmodium berghei, merozoite surface protein 8, vaccine, virus-like particle 
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Influenza vaccine efficacy induced by orally 
administered recombinant baculoviruses 

강해지, 스와르랜드 바삭, 주기백, 이수화*, 전복실*,** 

경희대학교 일반대학원 기초의과학과, *경희대학교 의과대학 의동물학교실, **경희대학교 의과대학중점연구소 

배경: Although vaccine delivery through the oral route remains the most convenient and safest way 

for mass immunization purposes, this method is limited by the requirement for large antigen doses and 

low vaccine efficacy. 

방법: In this study, we generated recombinant baculoviruses (rBVs) expressing influenza hemagglutinin 

(A/PR/8/34) and orally delivered a low dose of rBVs to evaluate its vaccine efficacy in mice. Intranasal 

rBV vaccination was included in the whole experiment for comparison. 

결과: Intranasal rBV vaccination was included in the whole experiment for comparison. We found that 

oral vaccination elicited high levels of virus-specific IgG and IgA antibody responses in both serum and 

mucosal samples (lung, tracheal, intestinal, fecal and vaginal). Surprisingly, complete protection from the 

lethal influenza challenge was observed, as indicated by reductions in the virus titer, inflammatory cyto-

kine production, body weight change, and enhanced survival. 

결론: These results suggest that oral delivery of the influenza rBV vaccine induces mucosal and systemic 

immunity, which protect mice from the lethal influenza virus challenge. Oral delivery of baculovirus vac-

cines can be developed as an effective vaccination route. 

Keywords: influenza virus, recombinant baculovirus, oral delivery, mucosal immunity, protection 
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Cross-neutralization between vaccine and 
circulating wild-type mumps viruses in Korea 

Hyeran Won*, Ah-Ra Kim*, Jung-Sik Yoo**, Gyung Tae Chung*, Hae Ji Kang***, Su-Jin Kim***, 
Sung Soon Kim****, Kwang Jun Lee* and June-Woo Lee* 

Division of Vaccine Research, Korea National Research Institute of Health, Korea Centers for Disease Control and Prevention 

배경: Mumps is a contagious disease caused by the mumps virus. It can be prevented with a mea-

sles-mumps-rubella (MMR) vaccine. Nevertheless, mumps outbreaks still occur in vaccinated populations 

worldwide. Hence, immunity against these diseases may be attenuated or there are antigenic differences 

between currently available vaccine strains and circulating wild type viruses. After the introduction of 

national immunization programs in the Republic of Korea, mumps cases became sporadic. However, viral 

genotypes I, H, and F have since emerged. 

방법: We compared the amino acid sequences of the haemagglutinin-neuraminidase (HN) gene from 

wild type viruses and mumps vaccines and measured cross-neutralization titers between them. 

We selected the I, H, and F wild type mumps strains circulating in the Republic of Korea from 1998–
2016 and analyzed changes in the amino acid sequence of the protein encoded by the HN gene. HN 

is the major antibody neutralizing target. We measured mumps virus-specific IgG and rapid focus reduc-

tion neutralization test (FRNT) titers on Korean isolates and sera (n = 50) obtained from children aged 

1–2 y who had been administered a single dose of MMR vaccine. 

결과: Analysis of the HN protein sequences disclosed no changes in the glycosylation sites but did reveal 

4–5 differences between the Korean isolates and genotype A vaccine strain in terms of the neutralizing epit-

ope sites on their HN proteins. Post-vaccination FRNT titers were significantly lower against genotypes I, 

H, and F than they were against genotype A. This finding discloses the possibility of a recurrence of mumps 

outbreaks in vaccinated populations depending on the degree of genetic conservation of the HN gene. 

결론: Further research exploring this issue are needed to prevent the resurgence of mumps. 

Keywords: mumps virus, cross-neutralization test, haemagglutinin-neuraminidase gene 
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Optimization of Zika DNA vaccine by delivery 
systems 

Yun Ha Lee, Hee Ji Lim, Jung Ah Lee, Soo Hwan Kim, Yun-ho Hwang, 
Mi Young Kim, Jung-Sik Yoo, Gyung Tae Chung

Division of Vaccine Research, Korea National Research Institute of Health, Korea Centers for Disease Control and Prevention, 
CheongJu, Chungcheongbuk-do, Republic of Korea 

배경: It has been reported worldwide that the Zika virus (ZIKV) could be transmitted through placentas 

and sexual contact. ZIKV can also cause Guillain-Barre syndrome, microcephaly and neurological 

abnormalities. However, there are no approved vaccines available. 

방법: Previous study, we designed six DNA vaccine candidates and assessed the immunogenicity. We 

optimized potency of DNA vaccine, tandem repeated envelope domain Ⅲ (ED Ⅲ×3) and further, delivery 

effect of ED Ⅲ×3 vaccine was assessed in mouse model. We injected three times at 3-week interval 

with ED Ⅲ×3 of 50μg by intramuscular route (IM), jet injection (JET) and electroporation (EP) in C57BL/6 

mice. Blood and splenocytes were collected at 4 and 7 weeks for evaluation of humoral and cellular 

immune responses. 

결과: Vaccination by all routes of ED Ⅲ×3 were induced humoral and cellular immunity. JET route 

show higher CD8+ T cell responses than IM route. Specifically, EP route induced robust ZIKV E specif-

ic-total IgG and neutralization antibody, as well as CD8+ T cell responses. Also, mice immunized three 

doses with ED Ⅲ×3 of 50, 100, and 200 μg were showed similar levels in humoral immunity. However, 

cellular immunity of 50 μg were induced higher 100 or 200 μg. 

결론: Our results suggests that EP enhanced potential the immune response of DNA vaccine and opti-

mized concentration were confirmed 50 μg. Further, we will confirm a protective efficacy in IFNAR1- 

mice immunized with EDⅢ×3 vaccine. 

Keywords: Zika, DNA vaccine, jet injection, electroporation 
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Immunogenicity and protective efficacy of clade 
2.3.2.1c and clade 2.3.4.4c H5Nx avian influenza 

antigen bank vaccines in mice, Korea 

Do-Young Kim, Hyun-Mi Kim, Yong-Myung Kang, Hyun-Kyu Cho, Chi-Ho Lee, Seo-jeong Park, 
Sang-Hyun Choi, Hyunkyoung Lee*, You-Chan Bae*, Myoung-Heon Lee, Hyun-Mi Kang

Avian influenza Research & Diagnostic Division, Animal and Plant Quarantine Agency, Gimcheon, 39660, Republic of Korea,

*Pathologic Diagnostic Laboratory, Animal Disease Diagnostic Division, Animal and Plant Quarantine Agency, 
Gimcheon, Republic of Korea 

배경: The pandemic threat posed by H5Nx virus, which causes severe disease and mortality in both 

animals and humans, is of major concern. In Korea, there have been seven outbreaks of HPAI since 2003; 

all caused serious economic losses to the poultry industry. The use of mammalian models has been essen-

tial for pre-clinical screening of such pre-pandemic vaccines. Therefore, we examined the im-

munogenicity and protective efficacy of two representative vaccines from AI national antigen bank in 

Korea in a mouse model. 

방법: Inactivated vaccine was prepared from reverse genetics-derived influenza viruses containing the 

HA (with a modified cleavage site) and NA from A/chicken/Vietnam/NCVD-KA435/2013(H5N1) (clade 

2.3.2.1c, KA435) and A/broiler duck/Korea/ES2/2016(H5N6) (clade 2.3.4.4c, ES2) and the remaining six 

gene segments from a donor strain, A/Puerto Rico/8/1934 (H1N1). Five-week-old female BALB/c mice 

were vaccinated twice and then challenged with homologous virus to examine their viral replication and 

antibody titers. 

결과: Hemagglutinin inhibition and serum neutralizing antibody titers in the rgES2-vaccinated group 

were higher (4.4±1.7 and 10.8±2.3 log2, respectively) than those in the rgKA435-vaccinated group 

(2.8±1.1 and 2.5±0.9 log2, respectively). rgES2 conferred 100% protection, with no morbidity, no severe 

body weight loss, and no virus replication in any of the tissues tested. By contrast, 80% of mice in the 
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rgKA435 group survived. One mouse in this group died at 10 dpi. Virus titers in the lung and turbinate 

were 102.5–3.5 TCID50/0.1 ml at 3–7 dpi and 101.5 TCID50/0.1 ml at 3–5 dpi, respectively. In particular, 

the viral titer in the turbinate from the rgKA435 group at 3 dpi was significantly lower than that in the 

equivalent control group (p < 0.05). 

결론: The data suggest that both of these antigen bank vaccines be promising candidates for further 

evaluation in humans. 

Keywords: HPAI, Vaccine, Immunogenicity,Protective efficacy 
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Analysis of immunogenicity and protective efficacy 
of recombinant adenovirus expressing 

multi-antigens as vaccine candidate against 
tuberculosis in BCG-primed mouse model. 

Eunkyung Shin, Jinseung Yun, Gyung Tae Chung, Jung Sik Yoo and Hye-Sook Jeong

Division of Vaccine Research, Korea National Institute of Health, Korea Centers for Disease Control and Prevention 

배경: Tuberculosis (TB), a chronic infectious disease, causes a high mortality. BCG, the only vaccine, 

has variable efficacy. The unsatisfactory performance of BCG in controlling the adult pulmonary TB has 

made the development of an effective vaccine against Mycobacterium tuberculosis (M.tb) as a prime ob-

jective of the TB research. In previous study, we constructed a multi-antigenic recombinant Ad5 express-

ing Ag85B-ESAT-6-Mpt64-Rv2660 of M.tb (rAd5.TB4). 

방법: To evaluate the efficacy of rAd5.TB4 in vivo, we immunized BCG-primed C57BL/6 mice subcuta-

neously with rAd5.TB4 two times with 4 weeks intervals. Sera, lungs and spleens were harvested after 

last vaccination. To confirm immune responses, we detected antigen specific IgG by ELISA in the sera. 

Isolated lymphocyte from lungs and spleens were analyzed by IFN-γ ELISPOT, poly-functional T-cell 

secreting multi-cytokines and Mycobacterium growth inhibition assay (MGIA). And we tested its protective 

efficacy after challenge with M.tb H37Rv and HN878 

결과: In this study, rAd5.TB4 generated antigen specific IgG in sere and the high level of IFN-γ re-

sponses in the spleen and lung as well as antigen-specific poly-functional T cells secreting multiple 

cytokines. In case of growth inhibition assay, splenocytes obtained from rAd5.TB4 immunized mice were 

better able to inhibit growth of BCG in culture than BCG inoculation group. Moreover, rAd5.TB4 reduced 

the bacterial loads of M.tb H37Rv (0.4 log10 CFU) as well as the hypervirulent strain HN878 (0.31 log10 

CFU) in the lung as compared to only BCG immunized mice. 



2020 제16차 대한백신학회 춘∙추계학술대회

120 e-Poster round

결론: These results show that rAd5.TB4 could induce T-cell mediated immune responses which are 

responsible for protection and prevention against tuberculosis and this vaccination regimen has shown 

superior protection over BCG alone and should be evaluated further study. 

Keywords: tuberculosis, adenovirus (Ad5), vaccine, multi-antigen 
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수두 생백신의 바이러스 함량 측정을 위한 
우리나라 표준 시험법의 중대한 오류 가능성 

류성은, 김계형*, 고미경, 이종윤**

부산대학교병원 진단검사의학과, *부산대학교 의과대학 내과학교실, **부산대학교 의과대학 진단검사의학교실 

배경: 수두 생백신의 바이러스함량 검사는 백신 품질관리의 가장 중요하고 필수적인 항목이다. 우리나라 식품의

약품안전처는 수두생백신의 바이러스함량을 플라크 염색법으로 정량하는 국가 표준 시험법을 제정해 2016년에 

공표하였다. 그러나 이 표준시험법의 조건에 따라 계산해 보면, 바이러스 희석액의 삼투질 농도와 유지 배지의 

pH가 생리적 조건보다 훨씬 높아서 숙주세포가 바이러스에 의하지 않고도 사멸할 수 있는 것이 문제점이다. 

방법: 우선 적절한 유지배지를 결정하기 위해 MRC-5 숙주세포에 바이러스 접종 없이 표준시험법 유지배지

(HEPES 없음, 0.25% NaHCO3)와 개선한 유지배지(HEPES 첨가, 0.15% NaHCO3)를 가하였다. 37℃, 3% CO₂에

서 7일간 배양하면서 세포의 형태와 생존성을 현미경으로 확인하고 pH를 측정하였다. 또한 표준시험법 희석액(A)

과 개선한 희석액(B)의 삼투질 농도를 측정하여 비교하였다. 플레이트에 배양된 숙주세포에 각 희석액으로 

400~800배 희석한 수두생바이러스백신 국가표준품을 접종하고 개선한 유지배지를 가한 후 37℃, 3% CO₂에서 

7일간 배양하면서 세포의 형태와 생존성을 비교하였다. 이후 플레이트를 염색하여 플라크를 관찰하였다. 

결과: 표준시험법 유지배지는 pH가 8.0을 넘었으며, 세포가 많이 사멸하여 탈락하였다. 반면 개선한 유지배지는 

pH가 7.3 근처에서 잘 유지되었고 세포의 형태나 생존성이 양호하였다. 희석액의 삼투질 농도는 A가 600 

mOsm/kg 이상으로 매우 고장성이었고, B는 등장성에 가까웠다. A는 바이러스 접종 직후 수축하거나 탈락한 세포

가 다수 관찰되었으나, B는 접종 직전과 직후의 세포 형태에 별 차이가 없이 정상적이었다. 3일 후 A는 음성대조에

서도 세포가 대부분 탈락하고 수축하여 사멸한 형태였다. 플레이트 염색 결과, B는 생존세포가 잘 염색되어 플라크

를 관찰하기 쉬웠고 음성대조에서는 플라크가 관찰되지 않았다. 반면 A는 음성대조를 포함한 모든 well에서 세포의 

대부분이 탈락, 사멸하여 플라크 수를 산정할 수 없었다. 

결론: 우리나라의 수두생백신 함량 표준시험법은 유지배지의 pH가 너무 높고 바이러스희석액의 삼투질 농도도 

지나치게 고장성이어서, 바이러스와 무관하게 숙주세포가 사멸하고 플라크를 관찰하기 어렵다. 유지배지와 바이러

스희석액의 조성이 적절하도록 표준시험법을 개선해야 한다. 

Keywords: 수두생백신, 바이러스 함량 시험법, 국가 표준시험법 
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Optimization of adjuvant for chlorhexidine-inactivated 
Salmonella Typhimurium bacteria as a vaccine 

candidate against salmonellosis in a murine model 

문자영, 이준우, 조영규, 김원경, 김선민, 허진

전북대학교 수의과대학 수의공중보건학교실 

배경: Salmonella Typhimurium causes gastroenteritis mainly in domestic animals, as well as humans. 

S. Typhimurium in a murine model can cause symptoms similar to those observed after S. Typhi infection 

in humans. For effective protection against Salmonella, the cellular immune response is vital, and the 

humoral immune response is also known to contribute to the clearance of Salmonella infection through 

serum IgG and secretory IgA. The aim of this study is to optimize adjuvant for chlorhexidine-inactivated 

Salmonella Typhimurium bacteria as a vaccine candidate against salmonellosis in a murine model. 

방법: Seventy BALB/c mice were equally divided into seven groups. All mice were intramuscularly 

primed at 6 weeks of age [0 week post-prime immunization (WPPI)] and were intramuscularly boosted 

at 8 weeks of age (2 WPPI). Groups A-B mice were inoculated with 100 μL of sterile phosphate-buffered 

saline (PBS). Groups C-D mice were injected with approximately 1 × 109 formalin-inactivated S. 

Typhimurium whole cells with ISA70 and IMS1313 as an adjuvant in 100 μL of PBS. Group E-G mice 

were immunized with about 1 × 109 the chlorhexidine-inactivated S. Typhimurium bacteria with ISA70, 

IMS1313, and IMS1313 and 30 μg GI24 as and adjuvant, respectively, in 100 μL of PBS. 

결과: Salmonella-outer-membrane-proteins-specific serum IgG was significantly higher in groups C-G 

mice than group A. The interleukin-10 and interferon-γ levels in groups B-D than group A were sig-

nificantly higher. Following challenge with wild-type S. Typhimurium, all mice of group A survived. 

Clinical signs such as death were observed in only 20% of group G mice, however, 100% of groups B-D 

mice, 60% of group E mice, and 40% of group F mice died. 

결론: Overall, these results show that intramuscular prime and booster with chlorhexidine-inactivated 

S. Typhimurium bacteria as a vaccine candidate with IMS1313 containing GI24 as an adjuvant can effec-

tively protect mice from salmonellosis.
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Vaccine-related anaphylaxis cases confirmed 
by KCDC during 2001-2016

노의정, 이미희*, 송근백**, 이연경***, 김민경***, 김태은***, 정은희 

충남대학교 의과대학 소아과학교실, *인천의료원 소아청소년과, 
**울산대학교 의과대학 소아과학교실, ***질병관리본부 예방접종관리과

배경: National immunization program (NIP) to prevent disease and reduce mortality from vaccine pre-

ventable diseases (VPD) is very important. 

방법: We analyzed only the anaphylaxis cases that occurred between 2001 and 2016 who Korea Centers 

for Disease Control & Prevention (KCDC) determined that there was a definite causal relationship with 

a vaccine. The clinical symptoms were assessed according to the Brighton Collaboration Case Definition 

(BCCD) level. 

결과: During the period, there were 13 cases of vaccine-related anaphylaxis. The median age was 9 

years (range 1 month - 59 years). The incidence of anaphylaxis per million doses was 0.090 in 2005, 

0.079 in 2012, 0.071 in 2013, 0.188 in 2015, 0.036 in 2016. Of those cases, 23.1 % were influenza vac-

cines, and 76.9 % were BCCD level 2. Epinephrine was used in 46.2%. 

결론: Vaccine-related anaphylaxis seems to have been very rare in the past, but health care professionals 

must always be aware of anaphylaxis. 

Keywords: Vaccine, anaphylaxis, adverse reaction, vaccine preventable disease 
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Real-time Stability Test of National Biological 
Reference Standards for Bacterial Vaccine in Korea 

Tae-Jun Park, Eun-Hye Park, Ja-Young Hong, Hyungok Chun, and Kwangmoon Lee* 

Biologics Research Division, National Institute of Food and Drug Safety Evaluation 

배경: The National Institute of Food and Drug Safety Evaluation (NIFDS), the Ministry of Food and Drug 

Safety (MFDS), has been developing national reference standards (NRSs) for biologics on the basis of inter-

national measurement standards and written guidelines established by the World Health Organization 

(WHO). NRSs are reference materials used for quality control and lot release testing of biologics, etc. 

Since a high level of stability is one of the essential requirements for NRSs, real-time stability tests are 

performed to evaluate and maintain the stability of NRSs. 

방법: In the present study, real-time stability of 7 NRSs for vaccines was evaluated using in vivo or 

in vitro bioassay, and the test results were compared with the control limit for monitoring stability. Also, 

the regression analysis was performed using the stability testing data accumulated since the manufacture 

to identify the stability trends. 

결과: An estimated mean potency of stability tests, lower control limit, and upper control limit for each 

NRS were as follows; Haemophilus Influenza type B Polyribosyl Ribitol Phosphate 1.20mg/vial(1.13-1.29), 

Pertussis Toxin 890 IU/vial(474-1274), Bordetella Pertussis (PT) 181.3 ug/mL(124.0-223.0), Bordetella per-

tussis (FHA) 187.5 ug/mL(116.0-219.0), Bordetella pertussis (PRN) 209.8 ug/mL(156.0-219.0), Bordetella 

pertussis anti-serum anti-PT 30.0 EU/vial(19.0-42.5)/ anti-FHA 187.1 EU/vial(132.0-215.5)/ anti-PRN 22.7 

EU/vial(16.0-31.5). The results showed that all of the mean potencies and contents were distributed within 

the control limit, while the regression analysis showed stable potency trends. 

결론: In conclusion, the present study demonstrated that the assigned values of 7 NRSs for bacterial 

vaccines were maintained stable, therefore, these NRSs can be used and distributed for quality control 

testing. The NIFDS’s advanced quality management system for NRSs is expected to contribute to the de-

velopment and supply of high-quality biological products in Korea. 
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Real-time Stability Evaluation of National Reference 
Standards for Virus Vaccines in Korea 

Jayoung Hong, Eun-Hye Park, Tae-Jun Park, Hyungok Chun and Kwangmoon Lee*

Biologics Research Division, National Institute of Food and Drug Safty Evaluation, Cheongju 28159, Republic of Korea 

배경: The National Institute of Food and Drug Safety Evaluation (NIFDS), the Ministry of Food and Drug 

Safety(MFDS), has been developing national reference standards(NRSs) for biologics based on international 

measurement standards and written guidelines established by the World Health Organization(WHO). NRSs 

are reference materials used for quality control and lot release testing of vaccines, etc. Since a high level 

of stability is one of the essential requirements for NRSs, real-time stability tests have been performed 

to evaluate and maintain the stability of NRSs. 

방법: In this study, real-time stability of 4 NRSs for vaccines was evaluated by using in vivo or in vitro 

bioassay, and the test results were compared with the control limit for monitoring the stability. Also, 

the regression analysis used the accumulated stability test data after confirming the stability trend of man-

ufactured NRSs. 

결과: An estimated mean potency of stability tests, lower control limit, and upper control limit for each 

NRS were as follows: Hemorrhagic Fever with Renal Syndrome(HFRS) Vaccine 2.71 4logPRNT/vial 

(2.37~3.55), Live Varicella Vaccine 3rd 4.99 log10PFU/0.5ml (4.17~5.17), Cell-derived Japanese 

Encephalitis Vaccine (cJEV) (Beijing) 2.555 NT AV titer (1.65~2.97) AND cJEV (Beijing) Positive Control 

Serum 2.276 (1.242~2.944). The results showed that all of the mean potencies and contents were dis-

tributed within the control limit, and also the regression analysis showed stable potency trends. 

결론: This study shows that the real values of 4 NRSs for vaccines were maintained stable, and therefore, 

these NRSs can be used and distributed for quality control testing. The NIFDS's advanced quality management 

system for NRSs has been contributing to the development and supply of high-quality vaccines in Korea. 

Keywords: National reference standard, virus vaccine 
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