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研究背景
Research Background



病毒样颗粒（VLPs）

病毒样颗粒（Virus-like particles, VLPs）是一种由病毒结构蛋白组成但不含病毒核酸、不能自
主复制的颗粒。Virus-like particles (VLPs) are particles composed of viral structural proteins but without viral nucleic 
acids and unable to replicate autonomously.

VLPs具有比可溶性蛋白
更强的免疫原性
VLPs have stronger 
immunogenicity than soluble 
proteins

与天然病毒粒子更接近
Closer to natural virus particles

VLPs良好的结构
稳定性及可塑性

不含病毒基因，
不能自主复制，
不具有感染性

VLPs的
优势

1 3

2 4



                     技术优势
                     Technical advantage

u 无需高致病性生产资质
u No need for high pathogenicity production qualification
u P1-2A聚合体原核表达困难，表达量低，且P1蛋白

后期加工存在技术瓶颈
u Prokaryotic expression of P1-2A polymer is difficult, 

with low expression levels, and there are technical 
bottlenecks in the later processing of P1 protein

u 单个VP1蛋白体外以包涵体形式表达
u Expression of single VP1 protein in vitro in the form of 

inclusion bodies



"口蹄疫病毒样颗粒疫苗：领先一代的防控利器"
"Foot-and-mouth disease virus-like particle vaccine: a leading generation of prevention and control tool"

        口蹄疫病毒样颗粒疫苗是世界上首个由三个结构蛋白在无细胞体系内自组装成的病毒样颗粒疫苗，获得2项一类
新兽药证书。
        The foot-and-mouth disease virus-like particle vaccine is the world's first virus-like particle vaccine self-assembled 
from three structural proteins in a cell-free system, and has obtained two Class I new veterinary drug certificates.

       

 牛口蹄疫O型病毒样颗粒疫苗一类证书
 Class I Certificate of Foot-and-Mouth Disease 
O-type Virus-like Particle Vaccine for Cattle

 猪口蹄疫O型病毒样颗粒疫苗一类证书
 Class I Certificate for Porcine Foot-and-Mouth 
Disease Type O Virus-Like Particle Vaccine

口蹄疫病毒样颗粒疫苗



口蹄疫OA二价VLPs疫苗

        猪口蹄疫O型、A型二价VLPs疫苗、牛口蹄疫OA二价VLPs疫苗。
        Bivalent VLPs vaccine against porcine foot-and-mouth disease type O and type A, and bivalent 
VLPs vaccine against bovine foot-and-mouth disease type O and type A.   
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口蹄疫VLPs的组装
Assembly of Foot-and-Mouth Disease VLPs



口 蹄 疫 病
F o o t - a n d - m o u t h  d i s e a s e

毒 样 颗 粒 的 定 量 分 析
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VLPs

Protomer
原聚体

VLPs组装液
VLPs 
assembly 
solution

图5 口蹄疫VLPs分离流程图
Figure 5. Flowchart of FMD VLPs isolation

口蹄疫VLPs的分离

蔗糖梯度     
Sucrose  
gradient

超速离心
Ultracentrifugati
on

液相分析
Liquid phase 

analysis



FMDV

VLPs

组装前
的蛋白

蔗糖密度梯度离心

未组装
样品

VLPs的出峰时间稍晚与FMDV，由于人工组装的特点，VLPs的峰形比较舒缓。The peak time of VLPs is slightly later than 
that of FMDV. Due to the characteristics of artificial assembly, the peak shape of VLPs is relatively smooth.

D

图1  VLPs的蔗糖密度梯度离心结果
Figure 1. Results of sucrose density gradient centrifugation of VLPs



A B C

D E F

VLPs的收集峰出现口蹄疫病毒的三条目的带，且DLS和电镜检测到大小30nm左右的颗粒
The collection peak of VLPs showed three bands of foot-and-mouth disease virus, and DLS and electron microscopy detected particles with a size of about 30 nm

蔗糖密度梯度离心

图2  VLPs的蔗糖密度梯度离心收集峰鉴定结果
Figure 2. Identification results of VLPs collected by sucrose density gradient centrifugation



VLPs与单体免疫特性

VLPs诱发的免疫反应更持久，可诱发高水平特异性抗体和中和抗体；单体诱发的免疫反应持续期短，且诱发中和抗体的能力不足。
The immune response induced by VLPs is more durable, capable of eliciting high levels of specific and neutralizing antibodies; the immune 

response induced by monomers is short-lived and lacks the ability to induce neutralizing antibodies.

图6 VLPs与单体蛋白抗体水平分析结果
Figure 6 Analysis results of VLPs and monomeric protein antibody levels



口 蹄 疫 病
F o o t - a n d - m o u t h  d i s e a s e

毒 样 颗 粒 组 装 环 境
E n v i r o n m e n t  f o r  a s s e m b l i n g  

V L P s
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图1 口蹄疫病毒样颗粒组装模式图
Figure 1. Assembly model of foot-and-mouth disease virus-like particles

口蹄疫病毒样颗粒设计



组装液pH对VLPs组装的影响

A B C

图8 组装液pH对VLPs组装的影响

Figure 8 Effect of assembly solution pH on VLPs assembly

A. SDS-PAGE analysis results; B. DLS analysis results; C. VLPs content detection results

A. SDS-PAGE分析结果；B. DLS分析结果；C. VLPs含量检测结果
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口蹄疫病毒pH值耐受范围较窄，而病毒样颗粒的组装试验显示：组装液在pH8.0的条件下组装率明显高于pH8.5
The pH tolerance range of foot-and-mouth disease virus is relatively narrow, and the assembly experiment of virus-like 

particles shows that the assembly rate of the assembly solution at pH 8.0 is significantly higher than that at pH 8.5



分散试剂对O型VLPs组装的影响

A B

C
D

图10 分散剂对O型VLPs组装的影响
Figure 10 Effect of dispersant on the assembly of O-type VLPs

A. SDS-PAGE results; B. DLS results; C. VLPs content detection results; D. Effect of E reagent concentration on VLPs assembly rate
A. SDS-PAGE结果；B. DLS结果；C. VLPs含量检测结果；D. E试剂浓度对VLPs组装率的影响

在纯化蛋白中加入分散试剂可明显提高O型VLPs的组装率
Adding dispersing agents to purified proteins can significantly increase the assembly rate of O-type VLPs



A B C

+E -E

分散试剂对A型VLPs组装的影响

图11 分散剂对A型VLPs组装的影响
A. 浊度对比效果图；B. DLS结果；C. VLPs含量检测结果

Figure 11 Effect of dispersant on the assembly of type A VLPs
A. Turbidity comparison effect diagram; B. DLS results; C. VLPs content detection results

在纯化蛋白中加入分散试剂亦可明显提高A型VLPs的组装率，且A型口蹄疫病毒结构蛋白的聚集明显比O型严重
Adding dispersing agents to the purified protein can also significantly increase the assembly rate of type A VLPs, and the 

aggregation of type A foot-and-mouth disease virus structural proteins is significantly more severe than that of type O



F试剂对VLPs组装的影响

A B C

D E F

图13  F试剂对O型VLPs组装的影响分析结果
Figure 13 Analysis results of the effect of F reagent on the assembly of O-type VLPs

F试剂可稳定VLPs结构，和N试剂共用时可提高VLPs的组装率
F reagent can stabilize the structure of VLPs, and when used together with N reagent, it can increase the assembly rate of VLPs



B试剂对组装的影响

Ø 在组装后的VLPs中添加不同浓度的B试剂，放置16h后检测，VLPs含量0.05%>0.03%>0

Ø Add different concentrations of B reagent to the assembled VLPs, and detect after 16 hours. The 
VLPs content is 0.05%>0.03%>0

A B

结果表明VLPs中添加B试剂能显著提高VLPs的含量      

The results showed that the addition of B reagent to VLPs significantly increased the content of VLPs

图14  B试剂对O型VLPs组装的影响分析结果
Figure 14 Analysis results of the effect of B reagent on the assembly of O-type VLPs



            VLPs的聚集

Ø VLPs在组装或放置过程中会出现聚集，聚集会使组装率下降，且会使VLPs不稳定
Ø VLPs may aggregate during assembly or placement, which can reduce the assembly rate and destabilize the VLPs
Ø 及免疫原性下降或丧失。     and decreased or lost immunogenicity.



VLPs聚集对免疫效力的影响

                  表1          猪口蹄疫病毒O型VLPs疫苗的免疫攻毒保护统计结果                  
Table 1: Statistical results of immune challenge protection of porcine foot-and-mouth disease virus type O VLPs vaccine

攻毒保护试验结果显示：聚集会降低VLPs的免疫原性，抑制聚集会提高VLPs的免疫原性，但过量的抑制会破坏免疫原性。
The results of the antiviral protection test showed that aggregation reduces the immunogenicity of VLPs, while inhibiting aggregation can enhance 

the immunogenicity of VLPs, but excessive inhibition can destroy the immunogenicity.



口 蹄 疫 V L P s 的 稳 定 性

S t a b i l i t y  o f  F o o t - a n d - M o u t h  

D i s e a s e  V L P s
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VLPs对冷冻耐受性

冷冻试验结果显示：在-20℃和-70 ℃条件下保存5d的VLPs，其浓度与4 ℃保存的VLPs含量无显著性差异，且蔗

糖密度梯度的峰型重叠性好，表明VLPs对冷冻具有一定的耐受性。

The results of the freeze test showed that there was no significant difference in the concentration of VLPs stored at -20℃ 

and -70℃ for 5 days compared to those stored at 4℃. Additionally, the peak overlap of the sucrose density gradient was 

good, indicating that VLPs have a certain degree of tolerance to freezing.



VLPs对剪切力的抵抗性

机械剪切结果显示：以3000rpm/min和300rpm/min的转速对VLPs剪切15min，VLPs浓度与4 ℃静置保存的VLPs含量无显著

性差异，且蔗糖密度梯度的峰型重叠性好，表明VLPs具有一定的机械抵抗性。

The mechanical shear results showed that there was no significant difference in VLPs concentration between VLPs sheared at 3000 

rpm/min and 300 rpm/min for 15 minutes and VLPs stored at 4°C. The peak overlap of the sucrose density gradient was good, indicating 

that VLPs had certain mechanical resistance.
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口蹄疫VLPs的免疫特点
Immunological characteristics of foot-and-

mouth disease VLPs



口 蹄 疫 V L P s 疫 苗 免 疫 力 的 产 生
I m m u n i t y  g e n e r a t i o n  o f  
f o o t - a n d - m o u t h  d i s e a s e  

V L P s  v a c c i n e
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免疫
背景

试验分组 猪号 免疫时间

攻毒后观察记录

0 1 2 3 4 5 6 7 8 9 保护
率

O型抗体 发病 发病 发病 发病 发病 发病 发病 发病 发病

猪OA
二价 
VLPs
20240
03

免疫第
3天

008

2024.11.
02

＜1:16 　 上蹄 　 　 　 　 　 　 　

0/5
012 ＜1:16 上蹄 　 　 　 　 　 　 　 　
001 ＜1:16 　 上蹄 　 　 　 　 　 　 　
006 ＜1:16 　 　 上蹄 　 　 　 　 　 　
005 ＜1:16 　 上蹄 　 　 　 　 　 　 　

免疫第
7天

004

2024.10.
29

1:22 　 上蹄 　 　 　 　 　 　 　

2/5
013 1:45 　 　 　 　 　 　 　 　 　
010 1:22 　 上蹄 　 　 　 　 　 　 　
017 ＜1:16 　 上蹄 　 　 　 　 　 　 　
011 1:22 　 　 　 　 　 　 　 　

免疫第
14天

003

2024.10.
22

1:22 　 　 　 　 　 　 　 　 　

5/5
009 1:22 　 　 　 　 　 　 　 　
014 1:720 　 　 　 　 　 　 　 　 　
015 1:1440 　 　 　 　 　 　 　 　 　
016 1:360 　 　 　 　 　 　 　 　 　

对照
007 　 ＜1:16 　 上蹄 　 　 　 　 　 　 　

0/2
002 　 ＜1:16 上蹄 　 　 　 　 　 　 　 　

紧急免疫

紧急免疫后，3天、7天和14天的抗体阳性率何保护率分别为0%、0%、60%及0%、40%和100%。
After emergency immunization, the antibody positive rates and protection rates at 3 days, 7 days, and 14 days were 0%, 0%, 60%, and 0%, 40%, and 100%, respectively.

表1 口蹄疫VLPs疫苗不同时间免疫后抗体及攻毒发病情况统计表
Table 1 Statistics of antibody and challenge incidence after immunization with foot-and-mouth disease VLPs vaccine at different times



免疫背景 分组 编号
3ABC抗体阳性

保护率
0 3 5 7 9

猪口蹄疫O型、

A型二价病毒

样颗粒疫苗

免疫后3天
攻毒

008 - - - + +

0

012 - - + + +
001 - - - + +
006 - - + + +
005 - - + + +

免疫后7天
攻毒

004 - - - - -

40%

013 - - - - -
010 - - - + +
017 - - + + +
011 - - - + +

免疫后14天

攻毒

003 - - - - -
009 - - - - -
014 - - - - - 100%

015 - - - - -
016 - - - - -

对照组
007 - - - + +
002 - - - + + 0

3ABC抗体
        表9        3ABC抗体检测结果

攻毒后3ABC抗体检测结果显示，未发病猪只的3ABC抗体均为阴性，表明病毒被完全中和，不能复制。
The 3ABC antibody test results after virus challenge showed that the 3ABC antibodies of the non-infected pigs were all negative, 

indicating that the virus was completely neutralized and could not replicate.



紧急免疫攻毒后，14天免疫动物的体温在整个攻毒期间均正常；7天免疫组的动物虽只有40%保护，但体温也显著
低于对照组和3天免疫组。

Following an emergency immunization challenge, the body temperature of animals immunized for 14 days remained normal 
throughout the entire challenge period. Although the 7-day immunization group only achieved 40% protection, their body 

temperature was significantly lower than that of the control group and the 3-day immunization group.

体温变化



血清和组织中FMDV载量

图13 紧急免疫后血清和组织中FMDV含量的变化
Figure 13 Changes in FMDV content in serum and 
tissues after emergency immunization

紧急免疫攻毒后，14天免疫动物的血清和组织中FMDV均为阴性；7天免疫组的动物虽只有40%保护，但血清和组
织中的病毒含量显著低于对照组和3天免疫组。

After emergency immune challenge, the serum and tissues of animals immunized for 14 days were all negative for FMDV; 
although only 40% of animals in the 7-day immunization group were protected, the virus content in serum and tissues was 

significantly lower than that in the control group and the 3-day immunization group.



口 蹄 疫 V L P s 疫 苗 免 疫 特 点 及 持 续 期
I m m u n i z a t i o n  c h a r a c t e r i s t i c s  

a n d  d u r a t i o n  o f  f o o t - a n d - m o u t h  
d i s e a s e  V L P s  v a c c i n e
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图1 猪口蹄疫O型、A型二价VLPs疫苗与猪全病毒灭活疫苗抗体水平比对结果（猪）
Figure 1 Comparison of antibody levels between bivalent VLPs vaccine against foot-
and-mouth disease type O and type A and inactivated whole virus vaccine in pigs

VLPs疫苗与全病毒灭活疫苗免疫猪后抗体水平检测结果显示：VLPs疫苗诱发抗体的产生期明显短与灭活疫苗，14
天特异性抗体水平即可达1:64；中和抗体水平不低于灭活疫苗。

The results of antibody level detection after immunizing pigs with VLPs vaccine and whole virus inactivated vaccine 
showed that the production period of antibodies induced by VLPs vaccine was significantly shorter than that of inactivated 
vaccine, with a specific antibody level of 1:64 achieved within 14 days; the neutralizing antibody level was not lower than 

that of inactivated vaccine.

VLPs疫苗与灭活疫苗的免疫特性



图13 VLPs疫苗与高端灭活苗O型抗体变化趋势对比
Figure 13 Comparison of the change trend of O-type antibody between VLPs vaccine 
and high-end inactivated vaccine

VLPs疫苗诱发抗体的产生速度要明显快于灭活疫苗，14天70%的抗体转阳，
且单次免疫在5个月内抗体水平均不低于灭活疫苗。The production speed of antibodies induced by VLPs vaccine is 

significantly faster than that of inactivated vaccine, with 70% of antibodies turning positive within 14 days,
And the antibody level of single immunization is not lower than that of inactivated vaccine within 5 months.

VLPs疫苗与灭活苗免疫效果比对



疫苗

名称

动物

编号

LPB-ELISA抗体水平
发病

情况0 15dpi 30dpi 60dpi 90dpi 120dpi 150dpi 164dpi 171dpi

猪口
蹄疫O
型病
毒样
颗粒
疫苗

B02 1:8 ＞1：256 1:180 1：256 1：256 1：256 1：180 1：180

攻毒

无

B08 1:8 ＞1：256 ＞1：256 1：256 1：256 1：180 1：180 1：90 无

B26 1:8 ＞1：256 ＞1：256 1：256 1：256 1：256 1：256 1：128 无

B32 1:8 1:180 ＞1：256 1:180 1:180 1:180 1:128 1:90 无

B39 1:8 1:32 1:90 1:180 1:180 1:90 1:90 1:45 一蹄

阳性
率

0% 77.1% 85.4% 82.6% 80% 76.7% 77.0% 80% 保护率 80%

表5 猪口蹄疫O型VLPs疫苗抗体水平及攻毒情况统计表
Table 5 Statistical table of antibody level and challenge of swine foot-and-mouth 
disease type O VLPs vaccine

抗体持续期

猪口蹄疫病毒样颗粒疫苗单次免疫后抗体持续期为6个月，免疫6个月后的保护力大于≥80%。
The antibody persistence period of the porcine foot-and-mouth disease virus-like particle vaccine after a single 

immunization is 6 months, and the protection rate after 6 months of immunization is greater than or equal to 80%.



       牛 OA二价VLPs疫苗 复核
检验

牛口蹄疫O型、A型二价病毒样颗粒疫苗：O型每头份含13.9 PD50；A型每头份含15.5 PD50
Bivalent virus-like particle vaccine for foot-and-mouth disease of cattle, types O and A: Each dose contains 13.9 PD50 for type O and 15.5 PD50 
for type A



猪口蹄疫O型、A型二价病毒样颗粒疫苗：O型每头份含14.3 PD50；A型每头份含14.3 PD50
Bivalent virus-like particle vaccine against foot-and-mouth disease in pigs, types O and A: Each dose contains 14.3 
PD50 for type O and 14.3 PD50 for type A

 猪 OA二价VLPs 疫苗复核检
验



口 蹄 疫 V L P s 疫 苗 稳 定 性
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VLPs疫苗的稳定性

免疫试验结果显示：放置9个月的口蹄疫病毒样颗粒疫苗免疫60天的架子猪，
单次免疫30天后抗体水平合格率100%。。The results of the immune test showed that the 60-day-old pigs immunized 

with the foot-and-mouth disease virus-like particle vaccine placed for 9 months,
The qualified rate of antibody level was 100% after 30 days of single immunization.

图8 放置9个月VLPs疫苗的抗体检测结果
Figure 8 Antibody detection results of 
VLPs vaccine placed for 9 months



VLPs疫苗的稳定性

                                     表11  口蹄疫O型VLPs疫苗的免疫攻毒保护统计结果                                     
Table 11 Statistical results of immune challenge protection of foot-and-mouth disease type O VLPs vaccine

攻毒保护试验结果显示：放置9个月的口蹄疫病毒样颗粒疫苗能仍能保护靶动物抵抗O型强毒株的攻击，保护效力
仍达到我国PD50大于6的标准。

The results of the virus attack protection test showed that the foot-and-mouth disease virus like particle 
vaccine placed for 9 months can still protect target animals against the attack of the O-type virulent 

strain, and the protective efficacy still meets the standard of PD50 greater than 6 in China.

疫苗批号 免疫剂量 攻毒毒株 攻毒剂量 试验猪头数 保护比例 PD50/头份

2022002
1头份 O/MYA98/BY/2010 1000ID50/3mL 5 5/5

9.01/3头份 O/MYA98/BY/2010 1000ID50/3mL 5 4/5
1/9头份 O/MYA98/BY/2010 1000ID50/3mL 5 3/5

2022005
1头份 O/MYA98/BY/2010 1000ID50/3mL 5 4/5

9.01/3头份 O/MYA98/BY/2010 1000ID50/3mL 5 3/5
1/9头份 O/MYA98/BY/2010 1000ID50/3mL 5 4/5

对照组 - O/MYA98/BY/2010 1000ID50/3mL 6 0/6 -



序号 疫苗 初始PD50 18个月后PD50

1 01 15.39 9.0

2 02 13.59 10.05

疫苗放置18个月后效力检测
Efficacy test of vaccine after 18 months of storage

               两批疫苗放置18个月后效力均有下降，但两批疫苗PD50均仍＞6。

               After being stored for 18 months, the efficacy of both batches of vaccines decreased, but the PD50 

of both batches of vaccines remained greater than 6.

   效期



l 四种口蹄疫VLPs疫苗均已上市，VLPs疫苗为新一代疫苗，抗原普广，安全、高效、 可实现感染动物和免疫动物的 精
准鉴别，专为口蹄疫净化而生。

l Four types of foot-and-mouth disease VLPs vaccines have been launched on the market. VLPs vaccines are a new generation of 
vaccines with broad antigenicity, safety, high efficiency, and precise differentiation between infected and immune animals. They 

are specifically designed for the purification of foot-and-mouth disease. 

FMD VLPs疫苗




