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존경하는 대한백신학회 회원여러분 

COVID-19 판데믹으로 인한 어려운 여건에서도 여러 회원 분들의 적극적인 참여로 2021년 3월 온라인

으로 개최한 춘계 학술대회를 성황리에 마치고 이번 추계 학술대회를 준비할 수 있게 되어 회원 

여러분의 노고에 깊은 감사의 말씀을 드립니다. 

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

올해가 창립 10주년이 되어 성대히 기념행사를 해야 하나  COVID-19 대유행으로 불가피하게 

다음으로 미루게 된 점을 널리 양해바랍니다.. 

COVID-19 대유행을 종식시키기 위해서는 백신이 매우 중요한 만큼, 이번 학술대회에는 COVID-19와 

관련된 다양한 프로그램을 준비하여 회원 여러분을 초대하게 되었습니다. COVID-19 관련 기초의학 

연구자, 임상 연구 전문가, 정부 유관 기관 및 기업의 관련 전문가들이 관심을 가질 수 있는 최신 

이슈를 포함하였고, 학문적 지식을 쌓을 수 있는 흥미로운 주제의 강연을 준비하였습니다. 다만 코로나 

유행이 지속되어 회원님의 안전을 고려하여 학술대회가 온라인으로 개최됩니다. 최선을 다해 다양한 

방법으로 준비하여 제공할 예정이나 온라인으로 시도하는 방법이라서 미진한 점이 있더라도 양해 

부탁드립니다. 

학술대회 오전에는 COVID-19과 관련된 최신 부각되는 이슈, 수의학 분야에서 문제되는 이슈에 대한 

세션을 마련하였고, 점심에는 e-Poster와 luncheon symposium을 준비하였습니다. 오후에는 우수연제의 

구연 발표, 국내 코로나 백신의 개발 현황, 소아에서의 COVID-19 백신에 대한 세션을 마련하였습니다. 

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

활동 등을 도외시 할 수 없습니다. 대한백신학회에서는 백신을 통한 건강 지킴을 위해 작년부터 “건강

백신 건강백세”라는 표어 아래 백신에 대한 총괄적인 활성화를 도모하고자 합니다. 

감사합니다. 

2021년 9월 

대한백신학회 회장 황 응 수

인   사   말
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COVID-19 Vaccines and Variants of Concern

Eui-Cheol Shin, MD, PhD

Laboratory of Immunology and Infectious Diseases,

Graduate School of Medical Science and Engineering, KAIST, Daejeon, Korea

The Center for Epidemic Preparedness, KAIST, Daejeon, Korea

The COVID-19 pandemic is still ongoing worldwide. Vaccines have been developed and approved at 

an unprecedented pace as an urgent response to COVID-19. These vaccines include mRNA vaccines such 

as BNT162b2 developed by Pfizer-BioNTech and mRNA-1273 by Moderna and adenoviral vector vaccines 

such as ChAdOx1 nCoV-19 by AstraZeneca and Ad26.COV2.S by Johnson & Johnson/Janssen. Even though 

vaccination programs have been started in each country, new variants of concern (VOCs), such as the 

delta variant, have been emerging continuously. Antibodies elicited by infection or vaccination exhibit 

reduced neutralizing activity against major VOCs. However, T-cell epitopes are relatively conserved among 

VOCs. Importantly, current vaccines still work against VOCs by attenuating disease severity and decreasing 

mortality. In this lecture, I will describe current status of VOCs and activities of vaccine-induced immunity 

against VOCs. In addition, I will discuss future perspectives.
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The development and evaluation of 
PRRS attenuated chimeric vaccine 

Won-Il Kim

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

Porcine reproductive and respiratory syndrome (PRRS) is one of the most important viral diseases of 

pigs which causes huge economic losses due to complex respiratory syndrome in pigs of all ages and 

reproductive failure in sows. The causative agent of the PRRS is the PRRS virus (PRRSV), which belongs 

to the order Nidovirales, family Arteriviridae, and genus Betaarterivirus (1). Despite great efforts to control 

and eradicate PRRSV, the PRRSV still threatens the pig industry worldwide. Rapid evolution rate and high 

genetic diversity of PRRSV are major hurdles to develop a broad protective vaccine against the virus. 

To overcome the insignificant cross-protection, which is a major problem with current PRRS vaccines, 

various PRRSV infectious clones have been constructed to improve cross-protection range (2-5). In this 

study, an attenuated chimeric PRRS vaccine (JB1) was constructed by FL12-based DNA-launched in-

fectious clone in which ORFs 3-4 and ORFs 5-6 were swapped with those of two different PRRSV2 iso-

lates, K08-1054 and K07-1054, respectively. The vaccine candidate was evaluated for cross-protective 

efficacy against two genetically distinct PRRSV2 strains (K07-2273 and K08-1054) in weaned pigs and 

pregnant sows. The JB1-vaccinated weaned pigs displayed the highest average daily weight gain (ADWG) 

among the experimental groups. In addition, 50% of vaccinated weaned pigs showed a serum virus neu-

tralization (SVN) titer of ≥1:32 against K07-2273 and K08-1054 and exhibited a significant reduction 

in viral loads in comparison with those of pigs in the mock groups at 42 days post vaccination (dpv). 

Increased levels of tumor necrosis factor-alpha (TNF-α), interferon-gamma (IFN-γ), and interleukin-12 

(IL-12) and decreased IL-10 levels in peripheral blood mononuclear cells (PBMCs) were detected, indicat-
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ing that JB1 induced a cell-mediated immune response and might be associated with a reduction in viral 

load in serum. Pregnant sows of JB1-vaccinated groups showed no detectable viral loads in sera after 

vaccination, significant reductions of viremia against K07-2273 and K08-1054, and inducing significant 

degrees of serum virus neutralizing antibodies compared to non-vaccinated groups. In addition, the vacci-

nated sows didn’t have any abortion due to the JB1 vaccination and improved viability and birth weight 

of piglets. The piglets from JB1 vaccinated sows showed lower viremia and decreased the levels of lung 

lesion in comparison with non-vaccinated groups. Overall, these results suggested that JB1 is a safe and 

effective vaccine candidate which is able to confer simultaneous protection against two genetically diverse 

PRRSV strains. 

1. Ruedas-Torres, I.; Rodriguez-Gomez, I. M.; Sanchez-Carvajal, J. M.; Larenas-Munoz, F.; Pallares, F. J.; Carrasco, 

L.; Gomez-Laguna, J., The jigsaw of PRRSV virulence. Vet Microbiol 2021, 260, 109168.

2. Sun, D.; Khatun, A.; Kim, W. I.; Cooper, V.; Cho, Y. I.; Wang, C.; Choi, E. J.; Yoon, K. J., Attempts to enhance 

cross-protection against porcine reproductive and respiratory syndrome viruses using chimeric viruses contain-

ing structural genes from two antigenically distinct strains. Vaccine 2016, 34, (36), 4335-4342.

3. Lee, J. A.; Lee, N. H.; Lee, S. W.; Park, S. Y.; Song, C. S.; Choi, I. S.; Lee, J. B., Development of a chimeric 

strain of porcine reproductive and respiratory syndrome virus with an infectious clone and a Korean dominant 

field strain. J Microbiol 2014, 52, (4), 345-9.

4. Choi, H.-Y.; Lee, S.-H.; Ahn, S.-H.; Choi, J.-C.; Jeong, J.-Y.; Lee, B.-J.; Kang, Y.-L.; Hwang, S.-S.; Lee, J.-K.; 

Lee, S.-W., A chimeric porcine reproductive and respiratory syndrome virus (PRRSV)-2 vaccine is safe under 

international guidelines and effective both in experimental and field conditions. Research in Veterinary Science 

2021, 135, 143-152.

5. Tian, D.; Cao, D.; Lynn Heffron, C.; Yugo, D. M.; Rogers, A. J.; Overend, C.; Matzinger, S. R.; Subramaniam, 

S.; Opriessnig, T.; LeRoith, T.; Meng, X. J., Enhancing heterologous protection in pigs vaccinated with chimeric 

porcine reproductive and respiratory syndrome virus containing the full-length sequences of shuffled structural 

genes of multiple heterologous strains. Vaccine 2017, 35, (18), 2427-2434.
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Evaluation of New Foot-and-Mouth Disease Vaccine

Jong-Hyeon Park

Center for FMD Vaccine Research

Animal and Plant Quarantine Agency
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Porcine Epidemic Diarrhea Vaccine

최      환      원
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Real World Effectiveness of COMIRNATY® 
(COVID-19 Vaccine, mRNA) 

Maria McColgan

Medical Director, COVID-19 Vaccine, Pfizer

Summary

This session will cover real world effectiveness studies of the COMIRNATY® (COVID-19 Vaccine, mRNA) 

including considerations for variants of concern, waning immunity and the need for booster doses, as 

well as the future of the BNT162b2 clinical development program.
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Acceptance of COVID-19 vaccine among 
immigrants in South Korea 

Acharya Shiva Raj*, 신용철**, 문덕환* 

*Graduate School of Public Health, Busan Medical Campus, Inje University 

**Department of Occupational Health & Safety, Inje University

배경: Vaccines are the most effective strategy to safeguard against COVID‐19 and it is crucial to assess 

community acceptance of COVID-19 vaccination. This study aimed to assess the attitude of immigrants 

towards the acceptance of COVID-19 vaccines in South Korea. 

방법: A web-based anonymous study was completed by 463 immigrants. The data were statistically 

analyzed using a logistic regression model and ANOVA test. 

결과: The average attitude toward the COVID-19 vaccination was 4.17±1.73, indicating generally pos-

itive attitudes. The proportion of the immigrants who were certain to get COVID-19 vaccination was 

55.3%. Only 36.7 % reported that the COVID-19 vaccines are safe. Of the immigrants, 72.6% showed 

high acceptance and 27.4% low acceptance towards the COVID-19 vaccines. 

결론: Up-to-date, valid information on COVID-19 vaccine safety, and vaccine risk communication strat-

egies are required to increase vaccine acceptability.
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Evaluation of Varicella Zoster Virus Antibody Titers 
for Reference Plasma 

Daeho Shin, Su Hyeon Hwang, Yeon Hee Kim, Hyung-ok Chun, Kwangmoon Lee

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

배경: Chickenpox is a highly contagious infectious disease caused by varicella zoster virus (VZV). Korea 

Center for Disease Control and Prevention (KCDC) introduced a one-dose varicella vaccination in its 

National Immunization Program (NIP) in 2005. Korea Ministry of Food and Drug Safety (MFDS) developed 

VZV reference plasma and assigned its potency in International Units (IU) to enable domestic vaccine 

manufacturers to calibrate their reference materials. The purpose of this study is to establish the VZV 

antibody titer of the reference plasma (16 samples with different concentrations) in collaborative study 

assays with local VZV vaccine manufacturers and research institutes. 

방법: To determine the titer of the reference plasma, we conducted fluorescent antibody to membrane 

antigen (FAMA) testing that is considered as a gold standard method to measure protective antibody titers 

against VZV. Enzyme-linked immunosorbent assays (ELISA) were used to quantify total IgG titers. 

Geometric mean titer estimates and interlaboratory variation were then calculated to subsequently com-

pute geometric coefficients of variation (% GCV). 

결과: The highest titers among 16 samples of the reference plasma were 1:2^8 (95% CI, 1:2^7.454- 

1:2^8.696, protective antibody titer) and 530 mIU/mL (95% CI, 449.49 mIU/mL-629.98 mIU/mL, total IgG 

titer). The %GCVs between laboratories ranged from 0 to 21.7% (FAMA) and from 1.6 to 10.4% (ELISA). 

결론: This study demonstrated that the reported absolute titers of the International Standard of Anti-VZV 

Immunoglobulin (W1044, NIBSC) across laboratories were in very good agreement. Therefore, it is sug-

gested that the established VZV reference plasma is a suitable calibrant for VZV vaccine immunogenicity 

assays and is expected to contribute to promoting national VZV vaccine development.

Keywords: Vaccine, VZV, Reference Plasma, Collaborative Study
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MMR 백신이 코로나19에 미치는 이종 효과 
(heterologous effects)

김용찬*, 김희정**, 박윤수*, 최준용*, 신의철*** 

*연세대학교 의과대학 내과학교실, **연세대학교 의과대학 진단검사의학교실, ***카이스트 의과학대학원 면역 및 감염질환 연구실

배경: MMR 백신이 가지는 이종 효과 (heterologous effect)를 근거로 일부 전문가들은 MMR 백신이 코로나19 

예방 효과를 가질 수 있을 것이라 주장하였다. 하지만, 아직 이에 대한 과학적 근거는 아직 부족한 상태이다. 본 

연구는 MMR 백신이 SARS-CoV-2에 대한 체액성 면역에 주는 영향과 코로나19 백신의 면역원성에 주는 영향을 

평가하였다. 

방법: 홍역 항체가 확인되지 않은 대상자들 (group A, n=18)에게 MMR 백신 투여 전, 1개월, 1년 후 채혈한 

검체를 이용해 MMR 백신이 SARS-CoV-2에 대한 항체 생성에 주는 영향을 평가하였다. MMR 백신이 코로나19 

백신의 면역원성에 미치는 이종 효과를 확인하기 위해 최근 1년 이내 MMR 백신을 접종한 적 없는 대상자들 

(group B-1, n=15)에게 ChAdOx1 nCoV-19 백신 1차 접종 당일, 2차 접종 당일 (1차 접종 12주 후), 그리고 

2차 접종 2주 후 채혈을 진행하였고, 홍역 항체가 없는 대상자들 (group B-2, n=14)에게 ChAdOx1 nCoV-19 

백신 접종 2주 전 MMR 백신을 접종하고 MMR 백신 접종 당일, ChAdOx1 nCoV-19 백신 1차 접종 과 2차 

접종 당일, 그리고 2차 접종 2주 후 채혈을 진행하였다. Group B-1과 B-2에서 ChAdOx1 nCoV-19 백신의 면역원

성은 항체 확인을 통해 결정하였고, 항체는 SARS-CoV-2 S 단백의 RBD에 대한 결합 항체를 정량적으로 측정함으

로써 확인하였다. 자가 보고서 형식을 이용해 ChAdOx1 nCoV-19 백신의 이상 반응을 조사하였다. 

결과: Group A 대상자의 나이는 median 28세 (IQR, 24-31)이었고 여성의 비율은 88.9% (n=16)이었다. Group 

A에서 MMR 백신 접종 후 1개월과 1년째 샘플 중 SARS-CoV-2에 대한 항체가 확인되는 것은 없었다. Group 

B-1과 B-2 모두에서 ChAdOx1 nCoV-19 백신 1차 접종 당일까지 SARS-CoV-2에 대한 항체는 확인되지 않았다. 

2차 접종 당일 양 군의 항체 역가는 group B-1에서 median 83.6 U/mL (IQR, 56.1-135.0), group B-2에서 

median 68.2 (IQR, 52.5-95.8)로 확인되었다 (p=0.331) (Table 1). 2차 접종 2주 후 항체 역가는 group B-1이 

median 1248 (IQR, 639-1947), group B-2가 median 836 (IQR, 541.8-2230.3)으로 양 군 모두 2차 접종 당일에 

비해 항체 역가가 증가하였으나 두 군간의 차이는 보이지 않았다 (p=0.40) (Figure 1, Table 2)
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결론: MMR 백신 투여는 코로나19에 대한 체액성 면역 형성에 영향을 주지 않았고 ChAdOx1 nCoV-19 백신의 

면역원성을 증가시키지 못했다. 

Keywords: Heterologous immunity; Measles; COVID-19; Vaccine; Immunogenicity
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Protection induced by primary infection with 
influenza virus by oral and sublingual routes 

Jie Mao*, Hae-Ji Kang*, Keon-Woong Yoon*, Gi-Deok Eom*, Fu-Shi Quan** 

*Department of Biomedical Science, Graduate School, Kyung Hee University 

**Department of Medical Zoology, School of Medicine, Kyung Hee University

배경: Although intramuscular (IM) administration is the most commonly used route for licensed influenza 

vaccines, alternative deliveries are explored under development for better immune efficacy. 

방법: Mice were primarily infected with influenza virus (A/HongKong/1968, H3N2) through intra-

peritoneal (lP), eye cornea (EC), intramuscular (IM), oral (Oral), sublingual (SL) and intranasal (IN) routes. 

Protection was evaluated on these mice challenge infected with the homologous virus at day 30 after 

primary infection. 

결과: Among IP, EC, IM, oral, SL and IN route administration, only IN route administration with influenza 

virus showed virus replication in the lung. Oral, SL and IN administrations elicited higher levels of vi-

rus-specific IgG, IgG2a and IgG1 antibody responses in sera and lungs compared to other routes. Upon 

challenge infection, oral, SL and IN routes showed significantly reduced lung virus titers, lower in-

flammatory cytokines responses, lower body weight loss and better survival rates compared to naive in-

fection control. Among oral, SL and IN, IN route showed higher IgG and IgA antibody-secreting cell (ASC) 

responses compared to control, resulting in the best in inducing protection. 

결론: Primary infections of influenza virus by oral, SL and IN routes showed significantly higher levels 

of virus-specific IgG antibody responses and protection. Oral and SL could be safe and efficient routes 

of live virus vaccine administration to control influenza virus infection.

Keywords: oral administration, sublingual administration, influenza virus, H3N2, humoral immunity
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Current Status of Vaccine Development in Korea

김      훈

SK바이오사이언스
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COVID-19 mRNA 백신 개발

Yang Je Cho

EyeGene Inc.
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AdCLD-CoV19: a novel COVID-19 vaccine based 
on Ad5/35 chimeric adenoviral vector

Chang-Yuil Kang1,2

1Cellid.Co., Seoul, Korea, 2College of Pharmacy, Seoul National University, Seoul 08826, Korea 

In the COVID-19 pandemic as a massive threat to global health, the development of an effective vaccine 

for SARS-CoV-2 is a key challenge. Here, we developed an adenovirus-vectored COVID-19 vaccine, re-

ferred to as AdCLD-CoV19, which induced antibody-mediated and T-cell-mediated immunity against 

SARS-CoV-2 in both murine and non-human primate (NHP) models. To improve the yield of antigenic 

protein production, we constructed a replication-deficient adenoviral vector, the Ad5 backbone contain-

ing the fiber knob of Ad35, wherein the gene encoding spike protein (S protein) of SARS-CoV-2 is modi-

fied by the substitution of the S1/S2 furin cleavage site with the linker sequence. The modification strategy 

enhanced vaccine immunogenicity, resulting in significant production of S protein-specific antibodies and 

Th1-biased immune responses in vaccinated mice and macaques. Also, AdCLD-CoV19 provided protection 

against the live virus in NHPs. Notably, the sera from AdCLD-CoV19-vaccinated macaques showed diverse 

neutralizing activities against different SARS-CoV-2 variants including the delta variant. Taken together, 

AdCLD-CoV19 has been proven to be efficacious as a candidate prophylactic vaccine for COVID-19 in 

this study. Preliminary results of the AdCLD-CoV19 Phase I/IIa trial in healthy adults and COVID-19 var-

iant vaccines will be presented. 
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COVID-19 Vaccines in Adolescents

조      은      영

충남대학교병원 소아청소년과
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소아에서 COVID-19 백신 접종이 필요한가?

신      선      희

한림대학교 소아청소년과

2019년 12월 우한에서 시작된 COVID-19의 유행이 2년 가까이 지속되며 악화와 반복을 지속하고, alpha, beta, 

gamma, delta 등의 변이를 거쳐 현재 mu 변이까지 발견되어 새로이 발견된 변이바이러스일수록 백신에 저항성을 

보이는 것이 보고되었다.

현재 2021년 9월 3일 현재 국내에서는 현재 18세 이상을 대상으로 접종하여 현재까지 2,900만명(접종대상자의 

57.7%)이 1차를 접종하였으며 1,670만명 (접종대상자의 32.7%)이 2차 접종을 완료하여 접종을 시작한 초기에는 

속도가 늦었으나 8월 이후 빠른 속도로 접종률이 상승되었다.

미국에서는 4월부터 12세 이상의 청소년을 대상으로 백신접종을 시작하였으며 안전성과 효능면에서 성인에 뒤

지지 않는 접종효과를 보였다. 이에 국내에서도 화이자백신을 12세 이상으로 식약처 사용승인을 하여 4분기부터 

12세이상을 대상으로 백신접종을 할 계획을 하고 있다. 

백신을 접종할 때는 면역원성 (immunogenicity), 효능(efficacy), 안전성(safety)과 효과 (effectiveness) 를 모두 

고려해야 한다. 미국에서의 연구에 따르면 면역원성과 효능과 안전성은 성인의 결과에 비교해 뒤지지 않는다. 그러

나 19세 미만의 소아청소년에서의 발생율은 전체 환자의 10% 내외이며 현재까지 사망자는 없다. 소아에서의 증상

은 성인에 비교해 경증이 많고 빨리 호전되는 반면 일부에서 다기관염증증후군 (multisystem inflammatory syn-

drome in children) 이 나타나지만 이 또한 현재까지 면역글로블린치료로 모두 호전되었다. 반면 미국에서의 자료

를 보면 2020년 5월 21일부터 2021년 3월 25일까지 279명의 소아청소년 환자가 COVID-19로 사망하였으나 

2019-2020 인플루엔자 시즌동안 188명의 소아청소년 환자가 인플루엔자로 사망하였다는 점과 비교하면 

COVID-19 의 부담이 크다고 할 수 있다. 이에 소아에서의 백신접종의 효과에 대해 다시 재고를 하지 않을 수 

없다. 
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소아는 학교, 학원 등에서 단체생활이 필수이고, COVID 19의 유행을 막기 위하여 등교를 중지하고 학원에 등원

을 제한하는 것은 소아의 미래와 나라의 미래를 위해 좋은 방법이 아니며, 소아를 제외한 성인만 접종을 해서는 

군집면역 (herd immunity) 를 얻을 수 없기에 감염의 전파를 효과적으로 차단하려면 소아청소년 연령에서의 예방

접종의 필요성이 고려된다. 또한 정부는 연말부터 소위 ‘with Corona’를 시행할 계획을 하고 있어 장기적으로는 

전국민 백신 접종을 계획하고 있다. 

소아에서의 백신 접종을 좀더 안전하게 하려면 미국 등 먼저 백신을 시행한 국가에서의 대규모 임상 결과와 

국내 소아 및 청소년을 대상으로 한 임상시험 결과가 바탕이 되어야 할 것이며 좀더 안전한 접종을 위해 접종후 

충분한 휴식기간을 두는 정책도 고려해야 할 것이다. 
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Salmonella Gallinarium ghost expressing S. 
Enteritidis NFliC-FimAC-and CD40LC fusion antigen 

enhances immune responses in chickens and 
protects against salmonellosis 

John Hwa Lee, Ji Young Park, Chamith Hewawaduge, 
Ram Prasad Aganja, Vijayakumar Jawalagatti

전북대학교 수의과대학

배경: This study describes the construction and characterization of a novel Salmonella Gallinarium ghost 

vaccine candidate designed to give protection against Salmonella serogroup D infection in chickens. The 

prominent serogroup D species in the poultry industry include both S. Gallinarium and S. Enteritidis 

serotypes. 

방법: To enhance the engagement of the host immune system, the SG ghost was designed to express 

N-terminus FliC (D0-D1 domain), C-terminus FimA retrieved from SE genome, and the receptor-binding 

domain (RBD) of CD40L from the chicken genome into a single fusion construct. The construct covers, 

the TLR5 interaction domain of FliC, the adhesion domain of FimA for strain-specific protection, and 

CD40L RBD to enhance T-cell mediated responses. The construct was built in pJHL184, phage lysis gene 

E mediated ghost plasmid and the expression of fusion antigen was confirmed by western blot resulting 

in a band with 82 kDa. To assess immune induction and protection, chicken immunization was conducted 

by intramuscular immunization either with SG ghosts:: FliC-FimA-CD40L (JOL2596), vector control 

(JOL2727), or PBS alone in a prime-boost immunization schedule in three weeks apart. Development of 

antibody responses, cell-mediated immune responses, cytokine induction was assessed against both SG 

and SE outer membrane proteins and subsequently challenged by intramuscular inoculation of wild type 

SG and SE strains. 
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결과: SG ghosts expressing fusion antigen delivers a significantly high level of IgY antibody responses, 

CMI responses marked by peripheral blood mononuclear cell proliferation assay, increase in CD8+ T-cell 

responses in flow cytometry analysis compared to PBS control. The protective immune responses were 

confirmed by significant elicitation of IFN-g, TNF-a, IL-4 immunomodulatory cytokines demonstrating 

the variable engagement of Th1 and Th2 type immune responses. Upon challenge, all SG challenged birds 

in the PBS group resulted in 100% mortality, while 50% death in vector alone group and only 30% death 

in SG ghost fusion antigen immunized groups. The efficacy against SE challenge demonstrates a complete 

absence of challenged strain in the JOL2596 SG ghost immunized group, while only four birds and six 

birds were positive for vector and PBS groups respectively. 

결론: This novel SG ghost vaccine proves to be a safe and effective vaccination strategy, thus further 

studies are warranted for dose optimization and environmental safety, etc.
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Salmonella Gallinarium live vaccine strain by 
deletions of lon, cpxR, and rfaL, and modulating lipid 
A structure is a DIVA capable, immune-competent, 

and attenuated

John Hwa Lee, Ji Young Park, Chamith Hewawaduge, 
Ram Prasad Aganja, Vijayakumar Jawalagatti

전북대학교 수의과대학

배경: This study describes the construction and characterization of a novel Salmonella Gallinarium (SG) 

live vaccine strain that is DIVA capable, and with dramatically reduced cytotoxicity and endotoxicity. 

방법: The SG strain was attenuated by deleting two major virulence-related genes that reside in the 

Salmonella pathogenicity island I (SPI I) namely lon and cpxR. To create SG strain DIVA (differentiation 

of the infected from the vaccinated animals) capable, the rfaL gene was also eliminated. The resultant 

strain was hyper immunogenic, proficient in eliciting antigen-specific immune responses and yet, under-

goes rapid elimination from the host environment due to enhanced susceptibility to environmental 

stresses. Despite the elimination of three virulence-associated genes, the strain still contains lipid A struc-

ture, that can be endotoxic in the animals. To minimize lipid A driven endotoxicity, dephosphorylation 

of 1’ phosphate was incorporated into the SG vaccine strain by chromosomal integration of Francisella 

tularensis dephosphorylate enzyme encoded by lpxE gene. The codon-optimized lpxE was placed 

in-frame into the pagL locus by lambda red mediated replacement strategy that eliminates the PagL gene 

product which is a palmitoyltransferase. 

결과: The resultant strain was assessed for cytotoxicity, endotoxicity, immunogenicity, and DIVA ca-

pacity using in vitro and in vivo models. Results demonstrate that the SG parent strain; SG ΔlonΔcpxRΔ

rfaL was comparable to SG Δlon ΔcpxR ΔrfaL ΔpagL::lpxE regarding the immunogenicity, yet the novel 
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lpxE strain was significantly low in endotoxicity induction in immunized birds. Both strains were sig-

nificantly eradicated from the host by the 14th day of immunization ensuring that, the birds are not prone 

to chronic disease. In conclusion, this is a genuine attempt made to eliminate endotoxicity of live attenu-

ated SG vaccine strain. The resultant strain was observed comparable immunogenicity with its parent 

strain SG Δlon ΔcpxR ΔrfaL, yet it was significantly low endotoxic and attenuated. 

결론: The stain was completely safe in young birds (less than 3 weeks old), no contaminants in eggs 

of their laying, DIVA capable and promoted protective immune responses as observed by in vitro and 

in vivo models.
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Protective efficacy of the recombinant modified 
Stx2e proteins against porcine edema 

in Korean growing piglets

Jeong Hee Yoo, Yeong Ju Yoo, Seon Min Kim, Jin Hur

College of Veterinary Medicine, Jeonbuk National University, Iksan 54596, South Korea

배경: Porcine edema disease (ED) is an enterotoxaemia of pig caused by Escherichia coli that produces 

Stx2e, a variant of Stx2. 

방법: In the present study, we investigated the protective efficacy of the recombinant modified Stx2e 

proteins against ED in Korean growing piglets. The recombinant modified Stx2e proteins were expressed 

and purified using the commercial E. coli expressing system. A total of 25 piglets were used and divided 

into 5 groups, A to E, containing 5 piglets per group. All piglets were intramuscularly immunized at 3 

days after birth (3 days post prime immunization; 3 DPPI) and 21 days of age (21 DPPI). Groups A and 

B piglets were inoculated with sterile PBS, and groups C to E piglets were immunized with 25 ug/piglet, 

50 ug/piglet and 100 ug/piglet, respectively. All piglets (except group A) were administrated orally with 

virulent wild type Stx2e+ F18+ E. coli at 35 DPPI. 

결과: Serum IgG titers of the immunized groups, especially group C and E were significantly increased 

from 21 DPPI until the end of this study. Furthermore, no clinical signs were observed in groups A, D 

and E piglets during the entire experimental period after the challenge, while death was observed in 

20% of the piglets in groups B. 

결론: These results indicate that intramuscular vaccination of the piglets with the recombinant modified 

Stx2e proteins effectively protected growing piglets from ED.

Keywords: Porcine edema disease, Korean growing piglets, Recombinant protein, Modified Stx2e, 

Vaccine
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Evaluation of efficacy of the radiation-based live, 
attenuated Salmonella Typhimurium vaccine 

candidate in growing piglets

Yeong Ju Yoo, Jeong Hee Yoo, Seon Min Kim, Jin Hur 

College of Veterinary Medicine, Jeonbuk National University, Iksan 54596, South Korea

배경: Evaluation of efficacy of the radiation-based live, attenuated Salmonella Typhimurium vaccine 

candidate in growing piglets 

방법: All growing piglets were orally primed with sterile phosphate buffered saline, live form of the 

vaccine and formalin-inactivated form, respectively, at 3 weeks of age (0 week prime immunized; 0 WPPI) 

and boosted at 6 weeks of age (3WPPI). 15 piglets were used and divided into 3 groups, A to C, containing 

5 piglets per group. All piglets were orally challenged with virulent wild type S. Typhimurium at 9 weeks 

of age. 

결과: Serum IgG titers in groups B and C were significantly increased. Furthermore, no clinical signs 

were observed in group B piglets during the entire experimental period after the challenge, while diarrhea 

was observed in many of the piglets in groups A and C. No Salmonella was isolated from fecal samples 

of the group B piglets on day 14 after challenge, whereas the challenge strain was isolated from all and 

some piglets in groups A and C. 

결론: These results indicate that oral vaccination of the piglets with the radiation-based live, attenuated 

vaccine induced effective protection against Salmonella infections in the growing piglets.

Keywords: Salmonella Typhimurium, Korean growing piglets, Radiation mutation technology, Live atte-

nuated Vaccine, Diarrhea
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COVID-19 subunit vaccine with a combination of 
TLR1/2 and TLR3 agonists induces robust and 

protective immunity

Soo Kyung Jeong, Yoonki Heo, Jei-Hyun Jeong*, Su Jin Ham, Jung Sun Yum, 
Byung Cheol Ahn, Chang- Seon Song*, Eunyoung Chun

R&D Center, CHA Vaccine Institute, Seongnam-si, Gyeonggi-do, Republic of Korea, 

*College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea

배경: The development of COVID-19 vaccines is critical in controlling global health issues under the 

COVID-19 pandemic. The subunit vaccines are the safest and most widely used vaccine platform and highly 

effective against a multitude of infectious diseases. An adjuvant is essential for subunit vaccines to enhance 

the magnitude and durability of immune responses. In this study, we determine whether a combination 

of TLR1/2 and TLR3 agonists (L-pampo) can be a potent adjuvant for SARS-CoV-2 subunit vaccine. 

방법: We measured neutralizing antibody (nAb) and an angiotensin-converting enzyme 2 (ACE2) re-

ceptor-blocking antibody against SARS-CoV-2 receptor binding domain (RBD). We also detected IFN-γ 

production by using ELISPOT and ELISA. By employing a ferret model, we detected nAbs and IFN-γ 

producing cells and measured viral load in nasal wash after challenge of SARS-CoV-2. 

결과: We found that SARS-CoV-2 antigens with L-pampo stimulate robust humoral and cellular immune 

responses. The efficacy of L-pampo was higher than other adjuvants. Furthermore, in the ferret model, 

SARS-CoV-2 antigens with L-pampo elicited nAb response and antigen-specific cellular immune re-

sponses against SARS-CoV-2 resulting in substantially decreased viral load in the nasal wash. 

결론: Our study suggests that the SARS-CoV-2 antigens formulated with TLR agonists, L-pampo, can 

be a potent subunit vaccine to promote sufficient protective immunity against SARS-CoV-2.

Keywords: SARS-CoV-2, Subunit vaccine, Adjuvant, TLR agonist, Neutralizing antibody, IFN-γ produc-

ing T cell
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Improvement of Immunogenicity Assays 
for Zika Virus Vaccine

Daeho Shin, Su Hyeon Hwang, Yeon Hee Kim, Hyung-ok Chun, Kwangmoon Lee

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

배경: Zika virus (ZIKV) is an infectious disease that is associated with congenital malformations and 

neurological complications. In the wake of the 2016 ZIKV outbreak in the Americas, intense efforts have 

been made towards the development of many vaccine candidates that could be tested in preclinical and 

clinical trials. Korea has also increased the level of preparedness for the emerging disease by developing 

ZIKV vaccine and immunogenicity assays at the national level. In this study, assays were improved to 

assess the immunogenicity of ZIKV vaccine candidates. 

방법: Enzyme-linked immunosorbent assay (ELISA) was performed to measure the total IgG titer against 

ZIKV, and plaque reduction neutralization test (PRNT) was conducted to assess the neutralizing antibody 

titer against ZIKV. The international standard serum (NIBSC code 16/352) was used to establish ELISA 

and PRNT. 

결과: The key parameters of both immunological assays were improved: coating conditions for ELISA 

were changed for enhancing analysis efficiency; and optimal testing conditions for PRNT were created 

for plaque forming efficiency. In particular, the present study used a different type of overlay media and 

subsequently identified the optimal concentration for conducting PRNT. Both of the improved assays were 

validated in terms of their precision, specificity, linearity and detection limit in accordance with the guide-

lines from World Health Organization (WHO) and the International Council for Harmonization (ICH). 

결론: The results of this study present assays for evaluating immunogenicity in the clinical and non-clin-

ical assessment of ZIKV vaccine candidates, and are expected to further support national ZIKV vaccine 

development.

Keywords: Vaccine, ZIKV, Immunogenecity assay, ELISA, PRNT
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Research on quality control of virus vaccine-related 
national reference standards 

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

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

배경: The National Institute of Food and Drug Safety Evaluation (NIFDS) has been developing national 

reference standards (NRSs) for biologics based on international measurement standards and written guide-

lines 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 require-

ments for NRSs, real-time stability tests have been performed to evaluate and maintain the stability of NRSs. 

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

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 manufactured NRSs.

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

NRSs were as follows: Live Varicella Vaccine 3rd 4.86 log10PFU/0.5mL (4.17~5.17), Cell-derived Japanese 

Encephalitis Vaccine (cJEV) (Beijing) 2.43 NT AV titer (1.65~2.97) and cJEV (Beijing) Positive Control Serum 

2.697 (1.242~2.944), and Hemorrhagic Fever with Renal Syndrome (HFRS) Vaccine 2.54 4logPRNT/vial 

(2.37~3.55). The results showed that all of the mean potencies and contents were distributed within the 

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

결론: This paper introduces 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 vac-

cines in Korea.

This research was supported by a grant (19171MFDS253) from Ministry of Food and Drug Safety in 2020.

Keywords: National Reference Standards (NRSs), virus vaccine
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e-Poster 8

The Stability Evaluation of National Biological 
Reference Standards for Bacterial Vaccine : 

Pertussis Toxin

Min Su Kang, Ja-Young Hong, Tae-Jun Park, Eun Hye Park, 
Hyungok Chun, Kwangmoon Lee*

Biologics Research Division, National Institute of Food and Drug Safety 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 (NRS) 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 NRS for pertussis toxin was evaluated using 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 pertus-

sis toxin was 739 IU/vial, 474-1274. When the baseline was 0 month, the regression analysis for purified 

pertussis toxin showed that the trend of the mean potency by year was not significant (slope=-15.1450, 

p= 0.2642), and there was no difference in the mean potency by month. As a result of identifying whether 

the average of the potency collected at the most recent (2021) differs from the indicated potency, there 

was no significant difference. The results showed that all of the mean potencies and contents were dis-

tributed within the control limit, while the regression analysis showed stable potency trends. 
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결론: In conclusion, the present study demonstrated that the assigned values of 2NRSs 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.

Keywords: national reference standard (NRS), bacterial vaccine, pertussis toxin
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Validation of Recombinant Factor C Assay

강다희, 윤송열, 엄소영, 윤경은, 이광문 

식품의약품안전평가원 의료제품연구부 바이오의약품연구과

배경: Drugs for parenteral administration are needed to check and monitor the contamination especially 

with regards to bacterial endotoxin. For the detection of endotoxin, the Limulus amebocyte lysate (LAL) 

test has been developed and commonly used. The mechanism of LAL test is based on the coagulation 

cascade which LAL, existing in the horseshoe crabs hemolymph, can form a clot by the combination 

of endotoxin and factor C. This assay has some limitations such that it is the animal-based method, which 

relates to ethical concerns and limited amounts. In addition, the coagulation cascade could be triggered 

by b-glucan which is not pyrogenic. Thus, recombinant factor C (rFC) reagent has been developed as 

an alternative, and the mechanism of which is similar to LAL tests and measured through the fluorescence. 

Therefore, we need to confirm the validity of the new test. 

방법: In this study, we evaluated specificity, linearity, accuracy and precision (repeatability, intermediate 

precision and reproducibility) for validation of the rFC assay. Standard curves were fitted using a linear 

regression model. 

결과: All results met acceptance criteria defined by compndial bacterial endotoxin testing. Also, no sig-

nificant inter-laboratory, analyst to analyst and lot to lot variation was observed. 

결론: Therefore, we found rFC assays are reliable methods and suitable for baterial endotoxin testing
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Characterization of virus-like particle (VLP) vaccines 
expressing the SARS-CoV-2 S glycoprotein, 

S1, or S2 domains 

주기백, 강해지*, 윤건웅*, 전복실 

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

배경: The ongoing severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) pandemic has 

brought disastrous consequences throughout the entire world. While several manufactured vaccines have 

been approved for emergency use, continuous efforts to generate novel vaccines are needed. 

방법: In this study, we developed SARS-CoV-2 virus-like particles (VLPs) containing the full length of 

spike (S) glycoprotein (S full), S1, or S2 together with the influenza matrix protein 1 (M1) as a core protein. 

Mice were immunized with these VLPs and sera were collected at regular intervals to assess anti-

gen-specific antibody responses. Surrogate virus neutralization assay was performed to confirm anti-

body-mediated virus neutralization. 

결과: Successfully constructed VLPs expressing the S full, S1, and S2 via Sf9 cell transfections were 

con-firmed and characterized by western blot and transmission electron microscopy (TEM). VLP-immuni-

zation in mice induced higher levels of spike protein-specific IgG and its subclasses compared to naïve 

control, with IgG2a being the most predominant subclass. S full and S1 im-mune sera elicited virus-neu-

tralizing activities, but these were not strong enough to fully inhibit receptor-ligand binding of the 

SARS-CoV-2. Neutralizing activities were not observed from the S2 VLP immune sera. 

결론: Overall, our findings revealed that S full or S1 containing VLPs can be developed into effective 

vaccines.

Keywords: SARS-CoV-2, virus-like particle, vaccine, antibody, neutralization
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Recombinant vaccinia virus expressing Plasmodium 
berghei apical membrane antigen 1 or microneme 

protein enhances protection against P. berghei 
infection in mice

Min-Ju Kim, Hae-Ji Kang, Keon-Woong Yoon, Fu-Shi Quan*,** 

Department of Biomedical Science, Graduate School, Kyung Hee University, Seoul 02447; Republic of Korea 

*Department of Medical Zoology, Kyung Hee University School of Medicine, Seoul 02447, Republic of Korea 

**Medical Research Center for Bioreaction to Reactive Oxygen Species and Biomedical Science Institute, 
School of Medicine, Graduate school, Kyung Hee University, Seoul 02447, Republic of Korea

배경: The vaccinia virus vaccine are effective in eradicating smallpox, and the recombinant vaccinia 

virus (rVV) is being studied as a vaccine platform for various diseases. Apical membrane antigen 1 (AMA1) 

and microneme-associated antigen (MIC) of Plasmodium parasites are known to be involved in host cell 

invasion by parasites. 

방법: Recombinant vaccinia virus expressing AMA1 or MIC of Plasmodium berghei were generated and 

the protective immunity induced by rVV immunization was investigated in mice (BLAB/c). Parasite-specific 

IgG antibody response in sera, CD4+ T, CD8+ T and germinal center B cell responses were determined 

in the blood and inguinal lymph nodes. Parasitemia, body weight change and survival rate were 

monitored. 

결과: Parasite-specific IgG antibody response were observed in mice immunized with rVV expressing AMA1 

or MIC. rVV immunization induced higher levels of CD8+ T cell, germinal center B cell response in inguinal 

lymph nodes, CD4+ and CD8+ T cell response in blood than naive challenge control. Interestingly, the 

rVV-MIC immunization elicited the higher levels of cellular immune response compared to rVV-AMA1 

immunization. The levels of pro-inflammatory cytokine IFN-γ and TNF-α from rVV-MIC were found to 

be significantly reduced compared to rVV-AMA1, and parasitemia and body weight change as well. 

결론: The rVV expressing MIC or AMA1 induce protection against P. berghei challenge infection, which 

could be used as vaccine candidates.
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호흡기 세포융합 바이러스의 
바이러스 유사입자 백신 제조 및 특성 확인

이수화*, 주기백**, 김민주***, 전복실*,** 

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

배경: 호흡기 세포융합 바이러스(RSV) 감염은 상당한 급성 증상 및 높은 이환율로 아동 및 노인 건강에 위협을 

주고 있다. 유아에서 RSV는 전 세계적으로 바이러스성 하기도 감염(세기관지염 및 폐렴을 포함)의 주요 원인이다. 

이러한 부담은 백신 개발의 중요성을 충분히 설명하지만, RSV에 관한 백신 개발은 번번이 실패하고 있다. 따라서 

본 연구에서는 베큘러바이러스 발현 시스템을 이용한 RSV 바이러스 유사입자(VLP) 백신을 제조하고자 한다.

방법: RSV(A2)의 fusion 및 glycoprotein 중 codon-optimized 한 prefusion (Pre-F) 과 G 단백질을 백신 항원

으로 선정하여 pFastBac 벡터에 삽입 후, 각각의 단백질을 발현하는 베큘러바이러스를 제조하였다. 곤충 세포에 

베큘러바이러스를 감염시켜 인플루엔자 바이러스 matrix protein 1 (M1)을 core protein으로 하고 Pre-F와 G 

항원 단백질을 각각 발현하는 단일 VLP를 생성하였다. 제조된 VLP는 ELISA 방법으로 RSV 감염 혈청 및 anti-fu-

sion monoclonal antibody에 반응시켜 구성 항원을 확인하였다. VLP를 다시 western blot으로 Pre-F 및 G 단백

질 발현을 재 검증하였다. 또한 투과 전자 현미경 (TEM)을 통해 백신의 형태와 크기 등의 특성을 확인하였다. 

결과: 제조한 RSV 백신은 RSV 감염 혈청 및 anti-fusion monoclonal antibody와 높은 반응 수치를 나타내었으

며, western blot 시행 결과 원하는 크기의 선명한 밴드를 얻은 것으로 보아 타깃 항원이 성공적으로 발현되었음을 

확인할 수 있었다. 여타 다른 바이러스 유사입자 백신과 마찬가지로 우리의 백신 역시 수많은 스파이크를 가진 

원형의 백신이 생성되었음을 TEM 이미지로 확인하였다.

결론: 이상의 결과로, RSV 바이러스 유사입자 백신을 성공적으로 제조하였음을 확인하였다. 앞으로는 본 백신을 

동물모델(마우스)에 접종하여 중화항체 생성을 확인하고, RSV를 challenge infection 시켜 폐조직의 바이러스 역가 

및 염증반응을 확인하여 호흡기 세포융합 바이러스 감염을 대응하는 VLP 백신으로서의 가능성을 평가할 예정이다.

Keywords: 호흡기 세포융합 바이러스, 바이러스 유사입자, 백신
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Deimmunization of flagellin for repeated 
administration as a vaccine adjuvant

Koemchhoy Khim1,2,3,4, Yong Jun Bang1,2,3,4, Sao Puth1,2, Yoonjoo Choi2,34, 
Youn Suhk Lee3,6, Kwangjoon Jeong3,5, Shee Eun Lee1,3,6, Joon Haeng Rhee1,2,4

1Clinical Vaccine R&D Center, Chonnam National University, Hwasun-gun, Jeonnam, Republic of Korea, 2Combinatorial Tumor 
Immunotherapy MRC, Chonnam National University Medical School, Hwasun-gun, Jeonnam, Republic of Korea, 

3Immunotherapy Innovation Center, Hwasun-gun, Jeonnam, Republic of Korea, 4Department of Microbiology, Chonnam 
National University Medical School, Hwasun-gun, Jeonnam, Republic of Korea, 5Vaxcell-Bio Therapeutics, Hwasun-gun, 

Jeonnam, Republic of Korea, 6Department of Pharmacology and Dental Therapeutics, School of Dentistry, Chonnam National 
University, Gwangju, Republic of Korea

배경: Flagellin, a protein-based Toll-like receptor agonist, is a versatile adjuvant applicable to wide 

spectrum of vaccines and immunotherapies. Given reiterated treatments of immunogenic bio-

pharmaceuticals should lead to antibody responses precluding repeated administration, the development 

of flagellin not inducing specific antibodies would greatly expand chances of clinical applications.

방법: Here we computationally identified immunogenic regions in Vibrio vulnificus flagellin B and de-

immunized by simply removing a B cell epitope region. The recombinant deimmunized FlaB (dFlaB) main-

tains stable TLR5-stimulating activity. Multiple immunization of dFlaB does not induce FlaB-specific B cell 

responses in mice. Intranasally co-administered dFlaB with influenza vaccine enhanced strong Ag-specific 

immune responses in both systemic and mucosal compartments devoid of FlaB-specific Ab production.

결과: Notably, dFlaB showed better protective immune responses against lethal viral challenge compared 

with wild type FlaB. The deimmunizing B cell epitope deletion did not compromise stability and ad-

juvanticity, while suppressing unwanted antibody responses that may negatively affected vaccine anti-

gen-directed immune responses in repeated vaccinations. We explain the underlying mechanism of de-

immunization by employing molecular dynamics analysis.

Keywords: flagellin, deimmunization, mucosal adjuvant, protective immune response, virus challenge, 

immune modulation
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Influenza B virus-like particle vaccine 
provides protection against antigenically 

distinct virus lineage

Hae-Ji Kang*, Keon-Woong Yoon*, Gi-Deok Eom*, Jie Mao*, Fu-Shi Quan**,*** 

*Department of Biomedical Science, Graduate School, Kyung Hee University, Seoul, 02447, Republic of Korea; 

**Department of Medical Zoology, School of Medicine, Kyung Hee University, Seoul, 02447, Republic of Korea; 

***Medical Research Center for Bioreaction to Reactive Oxygen Species and Biomedical Science Institute, 
School of Medicine, Graduate school, Kyung Hee University, Seoul 02447, Republic of Korea

배경: Influenza B viruses have diverged into two antigenically distinct virus lineages called the Yamagata 

and Victoria lineages, circulating in humans and causing a significant disease burden. There is an urgent 

need to develop influenza B virus vaccines against antigenically distinct virus.

방법: We generated influenza B virus-like particles (VLPs) containing HA(Hy), NA(Ny) or both HA and 

NA (HyNy) derived from B/Phuket/3073/2013 (B/Yamagata/16/1980) using baculovirus expression system. 

VLPs vaccine were characterized by ELISA, western, HA activity, NA activity and TEM and used for mouse 

immunization. Mice were intramuscularly immunized twice with VLPs at 4 week interval. Immunized mice 

were challenge infected with a lethal dose of Victoria lineage (B/Colorado/06/2017). Virus-specific IgG 

antibody response, antibody secreting cell (ASC) response, T and B cell responses in spleen, ASC, in-

flammatory cytokine response, virus titer in lung, and body weight and survival were determined.

결과: Hy, Ny and HyNy VLPs immunizations elicited Victoria lineage virus - specific IgG antibody re-

sponses in sera, ASC responses in both lung and spleen. Higher levels of T and B cell responses in spleen, 

lower levels inflammatory cytokine responses (IFN-γ, IL-6, TNF-α) and virus titers in lungs were ob-

served compared to naïve control, resulting in all mice survived. Although Hy, Ny or HyNy VLPs immuni-

zations showed different in inducing immune responses, body weight changes and survival rates were 

found to be similar among three VLPs.

결론: These results suggest that Hy, Ny and HyNy VLPs derived from Yamagata lineage provide pro-

tection against antigenically distinct Victoria lineage, which could serve as the basis for a universal influ-

enza B virus vaccine.

Keywords: influenza B virus, virus-like particles, protection
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Mucosal administration of recombinant baculovirus 
displaying Toxoplasma gondii ROP4 confers 

protection against T. gondii challenge 
infection in mice

Keon-Woong Yoon*, Ki-Back Chu*, Hae-Ji Kang*, Min-Ju Kim*, 
Gi-Deok Eom*, Su-Hwa Lee**, Eun-Kyung Moon**, Fu-Shi Quan**,*** 

*Department of Biomedical Science, Graduate School, Kyung Hee University, Seoul, 02447, Republic of Korea 

**Department of Medical Zoology, School of Medicine, Kyung Hee University, Seoul, 02447, Republic of Korea 

***Medical Research Center for Bioreaction to Reactive Oxygen Species and Biomedical Science Institute, 
School of Medicine, Graduate school, Kyung Hee University, Seoul 02447, Republic of Korea

배경: Pathogens require physical contact with the mucosal surface of the host organism to initiate infection 

and as such, vaccines eliciting both mucosal and systemic immune responses would be promising. Studies 

involving the use of recombinant baculoviruses (rBVs) as mucosal vaccines are severely lacking despite their 

inherently safe nature, especially against pathogens of global importance such as Toxoplasma gondii. 

방법: We generated rBVs displaying T. gondii rhoptry protein 4 (ROP4) and evaluated their protective 

efficacy in mice following immunization via intranasal (IN) and oral routes. IN immunization with the 

ROP4-expressing rBVs elicited higher levels of parasite-specific IgA antibody responses compared to oral 

immunization. Upon challenge infection with a lethal dose of T. gondii ME49, IN immunization elicited 

significantly higher parasite-specific antibody responses in the mucosal tissues such as intestines, feces, 

vaginal samples, and brain than oral immunization. 

결과: Marked increases in IgG and IgA antibody-secreting cell (ASC) responses were observed from in-

tranasally immunized mice. IN immunization elicited significantly enhanced induction of CD4+, CD8+ 

T cells, and germinal center B (GC B) cell responses from secondary lymphoid organs while limiting the 

production of the inflammatory cytokines IFN-γ and IL-6 in the brain, all of which contributed to pro-

tecting mice against T. gondii lethal challenge infection. 
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결론: In conclusion, we demonstrated that oral and intranasal immunization with the ROP4-rBV vaccine 

elicited mucosal immunity which fully protected mice from lethal challenge infection with the T. gondii 

ME49. In particular, immunological parameters were induced to a greater extent via IN immunization. 

While additional protective efficacy assessment of the ROP4-rBV vaccines against other clonal lineage 

types is required, the vaccine design strategy presented here may be well-suited for developing a safe 

and effective T. gondii vaccine.

Keywords: Recombinant baculovirus, ROP4, Toxoplasma gondii, Vaccine, mucosal immunity
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Development and Optimization of 
Chromosomally-Integrated fluorescent or 
luminescent Mycobacterium tuberculosis 

Reporter Constructs

Eunkyung Shin, Jinseung Yun, Jung Sik Yoo, Dokeun Kim, and Hye-Sook Jeong 

Division of Infectious Disease Vaccine Research, Center for Vaccine Research, National Institute of Infectious Diseases, KNIH, 
KDCA, Republic of Korea

배경: Tuberculosis (TB), a chronic infectious disease, causes high mortality. Many researchers have de-

veloped novel vaccines or drugs because of the unsatisfactory performance of BCG. However, there are 

difficult problems to take a long time until proof of effects as vaccine or drug candidates against TB. 

Recombinant strains expressing reporter genes have been used in multiple applications both in vivo and 

in vitro, which has been applied to confirm the effects for vaccine candidates of vaccine or treatments 

because the effects of candidates could be observed by real-time imaging. 

방법: To construct recombinant strains presenting signal of reporter genes designed using 2 types pro-

moters (Hsp and L5), and sequence optimization was performed to express reporter signal in M. tuber-

culosis, and the synthesized genes were inserted into E. coli-Mycobacterium shuttle vector (pMV306) that 

was possible to integrate into a specific genome site. The shuttle vectors including reporter genes were 

transfected into M. tuberculosis H37Rv by electroporation, and colonies were cultured in 7H10 agar plates 

including kanamycin, and then the stability of recombinant strains was verified by growth compared to 

wild type and duration of reporter signa 

결과: Using a combination of recombinant DNA and protein optimization techniques, we generated 8 

reporter strains composed of 2 types of promoters expressing either fluorescence or luminescence, which 

were confirmed by the reporter protein expression in plates and verified by the duration of reporter 
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signals for 50 days using CFU and imaging of plate. The reporter strains showed that the growths not 

be inhibited by inserted reporter gene compared to wild type but intensities of signals were different 

according to the types of promoters and reporter genes. 

결론: These results showed that inserted reporter genes would not interrupt the growth of the generated 

strains and reporter signals which show different intensities maintain for 50 days in growth media.

Keywords: Mycobacterium tuberculosis, reporter gene, in vivo imaging
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Improving solubilization of Mycobacterium 
tuberculosis Major Secreted Protein Antigen 85B 

(Ag85B) by Calsequestrin fusion in Escherichia coli. 
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1Division of Infectious Disease Vaccine Research, Center for Vaccine Research, National Institute of Infectious Disease 
Research, KNIH, KDCA, Republic of Korea
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배경: Introducing an effective vaccine for tuberculosis (TB) is an urgent need. Mycobacterium tuberculosis 

(Mtb) Ag85 complex is suggested for making protective immunodominant antigens for the design and de-

velopment of novel TB vaccine. The 30 kDa major secretory protein of Mycobacterium tuberculosis (antigen 

85B) is a primary vaccine candidate. When the Ag85B protein is expressed, it is formed in a protein in-

clusion body, so there is a difficulty in antigen production. The aim of this study was that the expression 

and solubilization of Ag85B are improved using the calsequestrin (CSQ)-tag in Escherichia coli. 

방법: To produce recombinant Ag85B, the synthetic cDNA coding for fbpB gene was optimized to match 

the codon usage for E. coli expression. Then inserted into the CSQ-TEV vector and transported into E. 

coli strain BL21 (DE3). The transformed E.coli strain BL21 was effectively expressed recombinant Ag85B. 

결과: We found that calciquestrin (CSQ)-tagged Ag85B had a solubility of more than 90%, which was 

then added with calcium and EDTA and centrifuged to purify Ag85B-CSQ to 85% purity. Additionally, 

the purity of Ag85B-TEV site-CSQ was improved to more than 95% by using ion-exchange 

chromatography. In order to isolate only Ag85B protein, since CSQ is precipitated when calcium is added 

after TEV protease treatment, only Ag85B can be separated from the supernatant. In addition, it was 

confirmed that the solubility of the finally Ag85B protein was also 90% or more. 

결론: These results could serve as a basis for further studies in endemic regions of tuberculosis on the 

usefulness of this gene and its expression product in the development of subunit vaccine and against 

tuberculosis.
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Neutralising antibody persistence after 
SARS-CoV-2 infection 

Jun-Won Kim, Sang-Mu Shim, Hye-Min Woo, Jeong-Sun Yang, 
Kyung-Chang Kim, Joo-Yeon Lee 

Division of Emerging Virus & Vector Research, Center for Emerging virus Research, National Institute of Health, Korea Centers 
for Disease Control & Prevention Agency, Republic of Korea

배경: Severe acute respiratory syndrome corona-virus 2(SARS-CoV-2) causes global health concern 

worldwide. Neutralizing antibodies are one of the factors to measure herd immunity for control of in-

fectious diseases. 

방법: In this study, we aimed to confirm the development and maintenance of neutralizing antibodies 

in patients who had recovered from COVID-19 in the early phase of the pandemic in Korea. A total 

of 322 plasma samples were collected from 111 blood donors approximately 3 months, 6 months, and 

9 months after the confirmation of COVID-19. Total Ab ELISA, neutralizing Ab ELISA, and plaque reduction 

neutralization test (PRNT) were used. 

결과: Of the 111 participants, 66.1% and 93.6% still had neutralizing antibodies and total binding Abs 

approximately 9 months after confirmation of the diagnosis, respectively, although antibody titers were 

decreased. 

결론: Information about the duration of persistence and change of antibody levels of neutralising anti-

bodies against SARS-CoV-2 might be helpful for public health policies against COVID-19.

*This study was supported by KNIH fund no.2019-NG044-02.

Keywords: SARS-CoV-2, Neutralizing antibody, Binding Ab, Persistence 
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Improvement of inoculation methods by using 
smallpox vaccine-coated microneedle patches
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Seung-Yun Yangb, Dokeun Kima, You-Jin Kima

aDivision of Infectious Disease Vaccine Research, Center for Vaccine Research,
National Institute of Infectious Diseases, National Institute of Health, Korea Disease
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bDepartment of Biomaterials Science, Pusan National University, Miryang, Republic of Korea

배경: Smallpox is an acute contagious disease caused by the variola virus, a member of the 

Orthopoxvirus family. It was one of the most devastating diseases and caused millions of deaths before 

it was eradicated. Although smallpox has been eradicated globally, the potential use of the smallpox virus 

in bioterrorism indicates the importance of stockpiling smallpox vaccines. At present, 2nd generation 

smallpox vaccine has been stockpiling consistently in South Korea. The scarification has been used as 

an inoculation method for the smallpox vaccine, which causes problems with inoculation pain and 

scarring. In addition, to apply this method, trained specialists were needed. In order to solve these prob-

lems, the inoculation method should be improved. 

방법: Microneedles are microstructures that facilitate the delivery of molecules into the epidermal and/or 

dermal layer of the skin and can be used as a highly promising delivery system for vaccination. In this 

study, we inoculated the skin with 2nd generation-coated microneedle patches to improve the inoculation 

method in 8 weeks old female BALB/c mice or Wistar rats. In order to confirm the severity of the scar 

according to the inoculation method, the tail and patched skin were observed. Blood and splenocytes 

were collected for evaluation of humoral and cellular immune responses. 

결과: The scar on the immunized tail by scarification continued to appear until 3 weeks and were 

relieved at the 4 week. On the other hand, the scar on the skin inoculated with microneedle patch was 

relieved at 2 week after vaccination. In mice and rats, inoculation of 2nd generation-coated microneedle 
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patches(1x104, 2x105, 4x105 PFU) induces approximately a 2-to 3-fold increase in the level of the neu-

tralizing antibody titers and CD8+ T cell response at 3 weeks, 6 weeks, and 9weeks. 

결론: Our results suggests that 2nd generation-coated microneedle patches enhanced humoral immune 

response and cell mediated immune response.

Keywords: smallpox; microneedle; vaccinia virus; coating; stability; immune response 
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Comparisons of Different Routes and Dosage 
on the Immunogenicity and Protective Efficacy 
of a Multi-antigenic Adenovirus Based Vaccine 
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배경: BCG attenuated from M. bovis, which is commonly used and the only licensed vaccine for TB 

prevention has been diminished effectiveness in 10 to 15 years after vaccination. In a previous study, 

we investigated that rAd-TB4 induced great immunogenic result and protective effect against M.tb 

challenge. To explore proper immunization route and dosage, we confirmed immunogenicity and effec-

tiveness in respective conditions. 

방법: C57BL/6 mice was immunized with BCG Pasteur 1173P2, 2X10⁵ CFUs on each mice. To boost 

BCG effect, rAd-TB4 immunized with 1X10⁷ IFU on each mouse in two times at 4 weeks intervals with 

subcutaneous (SC) or intramuscular (IM) regimen. After one week from final immunization, lung and 

spleen was collected and isolated T lymphocyte from each organ. To fulfill IFN-gamma ELISpot and multi-

functional CD4 and CD8 T cell response, each cell was stimulated with PPD or peptide mixture containing 

ESAT-6, Ag85B and HspX at 100ng/ml. Another batch of mice was challenged via aerosol at 3 weeks 

after final immunization and autopsied at post-infection 12 weeks for H&E staining and measurement 

of bacteria burden. Protective effectiveness of rAd-TB4 followed by M.tb challenge was fulfilled with re-

spective dosage (10⁶-10⁸ IFU/ml) and route 
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결과: Compared with BCG, rAd-TB4 immunized group which is fulfilled with SC or IM route showed 

outstanding IFN-gamma ELISpot result and multifunctional T cell response such as IFN-γ, TNF-α and 

IL-2 production. Furthermore, subcutaneous route induced more antigen-specific T cell response both 

in lung CD4 and CD8 lymphocyte. More importantly we confirmed enhancement of protection against 

H37Rv aerosol infection and reduction of inflamed area in subcutaneously immunized group compared 

with intramuscular regimen. 

결론: In a conclusion, rAd-TB4 immunization with SC regimen induced good immunogenicity and effec-

tiveness against H37Rv infection. Followed these results, we anticipate that rAd-TB4 could be a new TB 

vaccine candidate.
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