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Definitions定义
Microbiota: the collection of microbial  

communities (including bacteria,  
archaea, fungi and viruses) colonizing a  
particular habitat

微生物群：定植于特定栖息地的微生物
群落（包括细菌、古菌、真菌和病毒）
的集合

Microbiome: microbes and their  
collective genome all the microbiota  
living in a particular habitat

微生物组：生活在特定栖息地的所
有微生物及其集体基因组

Improving 
host nutrition
提高宿主营养

Reducing intest
inal pathogens
减少肠道病原
体

Improving In
testinal morp
hology改善
肠道形态

Improving Im
munity提高免
疫力

Functions of Intesti
nal Microbiota肠道
微生物群的功能
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Microbiome 微生物组
Past, Present and Future
过去，现在和未来

* Joshua Lederberg
* 乔舒亚·莱德伯格
* Nobel Prize, 1958
* 诺贝尔奖
“Part of the human genome"
人类基因组的一部分

The term "microbiome" was  coined 
by Joshua Lederberg,  who argues 
that microorganisms  inhabiting the 
human body  should be included as 
part of the  human genome, because 
of  their influence on human  
physiology”
“微生物组”一词是由乔舒亚·莱德伯
格创造的，他认为栖息在人体中的微
生物对人体生理由影响，因此应将其
作为人类基因组的一部分。

Hidden Organ
隐藏的器官

Coevolution
共同进化

Time时间

Your Gut Bacteria
您的肠道细菌
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A golden age for microbiome research
微生物组研究的黄金时代

Revolution: NGS & Bioinformatics
革命：NGS和生物信息学
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Metagenomics
宏基因组学

Metagenomics involves analyzing the  
structure and function of entire  
nucleotide sequences isolated from  
all organisms, typically microbes,  
within a bulk sample. It is frequently  
applied to investigate specific  
microbial communities, such as those  
found on gut, in soil, or in water  
samples.
宏基因组学涉及分析从大量样品中
的所有生物体(通常是微生物)中分
离的整个核苷酸序列的结构和功能。
它经常用于调查特定的微生物群落，
如肠道、土壤或水样中发现的微生
物群落。猪
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Pig Gut Microbiome
猪肠道微生物组

100,000,000,000/
1g of feces 1克粪便

Microbiome微生物组
Microbes and their genetic  

elements微生物及其遗传因子

X1
0

X40
0

Diversity of the gut microbiome
肠道微生物组的多样性

Population of  
China 中国人口 
1,400,000,000

The number of microbes in one gram of  pig 
feces is 100 times greater than the  
population of China.1克猪粪便中的微生
物数量是中国人口的100倍。

Population of the  
World 世界人口 
7,490,000,000

X1,000 Species种
The gut microbiota is more diverse than the genetic makeup of  
different breeds of pigs肠道微生物群比不同品种猪的基因构
成更加多样化

Microbial 
Cells 100 
Trillion微
生物细胞
100万亿

Host Cells 
10 Trillion
宿主细胞
10万亿

Microbial 
Genes 8-10 
Billion微生物
基因8-10亿

Host Genes 
0.02 Billion
宿主基因
0.02亿
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Swine Gut Microbiome
猪肠道微生物组

Important roles of the gut 
microbiome肠道微生物的重要作用

Cellulase  
digestion
纤维素酶
消化

Vitamin K  
Production
维生素K的生产

VFAs
Production
挥发性脂肪
酸的生产

Immunity免疫

Disease  
prevention
疾病预防

• Microbes contribute to the health  and well-
being of their host through  a variety of metabolic 
functions 微生物通过各种新陈代谢功能促进
宿主的健康和福祉

• Volatile fatty acids promote water  uptake
       挥发性脂肪酸促进水分吸收

• Cellulose degradation 纤维素降解

• De-conjugation of bile salts 胆盐的去结合作用

• Production of vitamin K维生素K的生产

• Stimulation of the innate immune  response
       刺激先天性免疫反映

• Stimulation of lamina propria:  protective 
barrier

       刺激固有膜：保护屏障

• Exclusion of pathogens
       排除病原体
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SWINE GUT MICROBIOTA
猪肠道微生物群

• Longitudinal investigation of 
the  swine gut microbiome from 
birth  to market: pig gut 
microbiome  shift

猪肠道微生物组从出生到上市的
纵向调查：猪肠道微生物的转变

• The distinct stage-associated swine gut  
microbiome may be determined by the  
differences in diet and/or gut  
physiology at different growth stages

不同生长阶段的饮食和/或肠道生理机能

的差异可能决定了猪肠道微生物群的
不同阶段相关性
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Factors influencing the pig gut microbiota
影响猪肠道微生物群的因素

The factors influencing the swine gut microbiome
影响猪肠道微生物组的因素

1.Diet: The composition of the pig's diet can significantly  impact the 
diversity and abundance of gut microbes.饮食： 猪的饮食成分会对肠
道微生物的多样性和丰富程度产生重大影响。
2.Genetics: The genetic makeup of the pig also influences its  gut microbiome.
遗传： 猪的基因构成也会影响其肠道微生物群。
3.Environment: Environmental factors such as housing  conditions, 
temperature, humidity, and exposure to pathogens  or antibiotics can influence 
the swine gut microbiome.环境： 饲养条件、温度、湿度以及接触病原体
或抗生素等环境因素都会影响猪的肠道微生物组。
4.Age: The gut microbiome of pigs undergoes significant  changes throughout 
their lifespan. Early microbial colonization  during birth and the transition 
from milk to solid food can have  long-lasting effects on the composition and 
stability of the gut  microbiota.年龄：猪的肠道微生物组在其整个生命周期
中都会发生重大变化。出生时的早期微生物定植以及从乳汁到固体食物
的过渡会对肠道微生物群的组成和稳定性产生长期影响。
5.Health Status: The health status of pigs, including their  susceptibility to 
infections, presence of gastrointestinal  disorders, and use of antibiotics or 
probiotics, can impact the  gut microbiome composition. Disease conditions 
can alter the  balance of microbial populations in the gut, leading to  dysbiosis.
健康状况： 猪的健康状况，包括对感染的易感性、胃肠道疾病的存在以
及抗生素或益生菌的使用，都会影响肠道微生物群的组成。疾病状况会
改变肠道微生物种群的平衡，导致菌群失调。
6.Stress: Stressors such as transportation, handling, weaning,  or 
overcrowding can affect the gut microbiome of pigs. Stress-  induced changes 
in gut motility, secretion of digestive enzymes,  and immune function can alter 
the microbial community  structure and function.压力： 运输、搬运、断奶
或过度拥挤等应激因素会影响猪的肠道微生物组。应激引起的肠道蠕动、
消化酶分泌和免疫功能的变化会改变微生物群落的结构和功能。

益生菌 饮食

益生元 宿主基因

合成益生菌 抗生素猪
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Guedes et al. 2017)

(Karuppanan et al. 2018)

Lawsonia intracellularis infection and gut ecology.
胞内劳森菌感染和肠道生态学

Normal gut microbe正常肠道微生物
Lawsonia intracellularis胞内劳森菌
“Beneficial” microbe“有益”微生物
Protozoa原生动物
Antibody抗体
J chain linked dimeric antibody
J链连接二聚体抗体

Lymphocyte淋巴细胞
Plasma cell浆细胞
Phagocytic cells吞噬细胞
Viruses病毒
Mucous layer黏液层

Absorptive enterocytes吸收性肠细胞
Goblet cells上皮细胞
Immature transit amplifying cells未成熟的转运扩增细胞
Enteroendocrine cells内分泌细胞
Paneth cells网状细胞
Crypt base columnar cells隐窝基底柱状细胞

INTESTINAL LUMEN 肠腔

NORMAL CRYPT/VILLI
正常隐窝/绒毛

INFECTED CRYPT/VILLI
受感染的隐窝/绒毛

LAMINA PROPRIA固有层
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Changes in the Porcine Intestinal Microbiome in Response to  
Infection with Salmonella enterica and Lawsonia intracellularis
猪肠道微生物组在感染沙门氏菌和胞内劳森菌后的变化
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G1

G2  

G3  

G4

Tissue sampling组织取样 Jejunum空肠

Ileu回肠 
Cecum盲肠

Colon结肠

2 x 108 CFU
S. Typhimurium鼠伤
寒沙门氏菌

1 x 1010 CFU
L. Intracellularis胞内
劳森菌

1 x 1010 CFU
L. Intracellularis胞内
劳森菌

2 x 108 CFU
S. Typhimurium鼠伤
寒沙门氏菌

Materials and Methods 材料与方法
Field Experimental Design 实地实验设计

n=7/Group  (4-week old)
N=7/组（4周龄）

5weeks old 5周龄 6weeks old 6周龄 7weeks old 7周龄

Necropsied 
 (2 per pen)

剖检（2头/栏）

9weeks old 9周龄

Necropsied 
 (2 per pen)

剖检（2头/栏）

11weeks old 11周龄

Necropsied  
(2 per pen)

剖检（2头/栏）

L. Intracellularis
胞内劳森菌

S. Typhimurium
鼠伤寒沙门氏菌

Tissue  
sampling
组织取样 DNA提取 PCR反应 高通量测序 分类和功能分析

Necropsied 
 (1 per pen)

剖检（1头/栏）
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Results结果
Distribution of bacterial phyla in pig tissues
猪组织中细菌门类的分布

Firmicutes厚壁菌门

Bacteroidetes拟杆菌门

Jejunum
空肠

Ileum
回肠

Cecum
盲肠

Colon
结肠

Fig.1. Distribution of bacterial phyla in pig tissues 图1 猪组织中细菌门的分布

• Graph of the distribution of different phyla in four pig tissues (jejunum, ileum, cecum, and colon)  
at different times不同时间猪的四种组织（空肠、回肠、盲肠和结肠）中不同门类的分布图

• The two most common phyla in all samples at all times were Firmicutes followed by Bacteroidetes.在
任何时候，所有样本中最常见的两个门类都是厚壁菌门，其次是拟杆菌门

5 7 119
Weeks of age

周龄

5 7 11 5 7 11 5 7 11

Con, Sal, Law, Sal+Law
对照，鼠伤寒沙门氏菌，胞内劳森菌，鼠伤寒沙门氏菌+胞内劳森菌

9
Weeks of age

周龄

9
Weeks of age

周龄

9
Weeks of age

周龄

猪
消
化
道
疾
病
国
际
研
讨
会



Fig.2. Distribution of bacterial classes in pig tissues.猪组织中细菌纲的分布
• At the class level, Bacilli and Clostridia were dominant in the jejunum and ileum在纲水平上，芽孢杆菌和梭状芽

胞杆菌在空肠和回肠中占优势
• In the cecum and colon, Bacteroidia, Clostridia, and Bacilli dominated representing greater than 90% of  all 

bacteria盲肠和结肠以拟杆菌、梭状芽胞杆菌和芽胞杆菌为主，占细菌总数的90%以上

Jejunum 空肠 Ileum 回肠

Cecum 盲肠 Colon 结肠

5 7 9 11
Weeks of age周龄

5 7 9 11
Weeks of age周龄

Results结果
Distribution of bacterial phyla in pig tissues
猪组织中细菌门类的分布

Con, Sal, Law, Sal+Law
对照，鼠伤寒沙门氏菌，胞内劳森菌，鼠伤寒沙门氏菌+胞内劳森菌
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Results结果
Principal Coordinate Analysis
主坐标分析

Fig.3. Principal coordinate analysis graphs comparing the total compositions of the microbiomes  in four pig tissues (jejunum, 
ileum, cecum, and colon) at various times.图3 比较不同时间猪的四种组织（空肠、回肠、盲肠和结肠）微生物组总
成分的主坐标分析图

• While the compositions of the microbiomes in the jejunum and ileum did not segregate into distinct  sector of the plot based on 
treatment, segregation was observed in comparing microbiome  compositions in the cecum and colon.虽然空肠和回肠中的

微生物组组成没有根据处理分离到不同的区域，但在比较盲肠和结肠中的微生物组组成时观察到分离。

5weeks control  5周对照

7weeks control  7周对照

9weeks control  9周对照 
11weeks control  11周对照

5weeks challenged with S. Typhimurium鼠伤寒沙门氏菌感染5周
7weeks challenged with S. Typhimurium鼠伤寒沙门氏菌感染7周  
9weeks challenged with S. Typhimurium鼠伤寒沙门氏菌感染9周 
11weeks challenged with S. Typhimurium鼠伤寒沙门氏菌感染11周
5weeks challenged with L. intracellularis胞内劳森菌感染5周
7weeks challenged with L. intracellularis胞内劳森菌感染7周  
9weeks challenged with L. intracellularis胞内劳森菌感染9周  
11weeks challenged with L. intracellularis胞内劳森菌感染11周
5weeks both challenge pathogens两种细菌共感染5周
7weeks both challenge pathogens两种细菌共感染7周
9weeks both challenge pathogens两种细菌共感染9周  
11weeks both challenge pathogens两种细菌共感染11周
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Results结果
Microbiome composition differences in the four GI tissues
四种肠道组织中微生物群组成的差异

Fig.4. To compare the tissue-specific microbiomes of pigs in the four experimental groups图4 比较四个实验组猪的组织特异性微生物群

• Compared to control samples, there was an increase in the percentage of Prevotella present in the  jejunal and ileal tissue samples at 
7 weeks of age (1 week after challenge with S. enterica)与对照样本相比，在7周龄时(被肠链球菌攻击后1周)，空肠和回肠组

织样本中普雷沃氏菌的百分比有所增加。

• By 9 weeks of age the levels of Prevotella decreased but there was an increase in the level  of Streptococci in the jejunal 
and ileal tissues.到9周龄时，普雷沃氏菌水平下降，但空肠和回肠组织中的链球菌水平上升。

普雷沃氏菌

链球菌

空肠      回肠     盲肠     结肠 

普雷沃氏菌

链球菌

空肠      回肠     盲肠     结肠 

空肠      回肠     盲肠     结肠 空肠      回肠     盲肠     结肠 

7周-对照

9周-对照

7周-沙门氏菌

9周-沙门氏菌
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Vaccination against Lawsonia intracellularis changes  the 
intestinal microbiome in weaned piglets

接种胞内劳森菌疫苗会改变断奶仔猪的肠道微生物组
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Materials and Methods材料与方法
Field Experimental Design实地实验设计

Workflow diagram of fecal sampling and on-bench library  preparation 
for 16S rRNA fecal samples from the piglets.
仔猪粪便取样及16S rRNA粪便样本台架文库制备工作流程图。

n=16/Group  
(5weeks of age)
N=16/组（5周龄）

n=16/Group  
(11 weeks of age)

N=16/组（11周龄）

- Control (No vaccination)
- 对照组（不接种疫苗）
- Law1 (0.5 dose)
- 胞内劳森菌1（0.5倍剂量）
- Law2 (1dose)
- 胞内劳森菌2（1倍剂量）
- Law3 (2dose)
- 胞内劳森菌3（2倍剂量）

粪便样本 DNA提取 PCR反应 高通量测序 分类和功能分析
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Species richness was not altered as much as their quantities by
Lawsonia intracellularis vaccination in weaned piglets
通过断奶仔猪胞内劳森菌接种，物种丰富度的变化不如它们数量的变化大

Vaccination against Lawsonia intracellularis changes the intestinal  microbiome in weaned piglets
         接种胞内劳森菌疫苗可改变断奶仔猪肠道微生物群

Alpha diversity阿尔法多样性
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LAW3 (2 dose) clustered separately from LAW1, LAW2 and CON at  week 6.
第6周，LAW3(2剂)与LAW1、LAW2和CON分别聚集。

No significant differences in microbial community  structure among all 4 groups at week 0.
第0周，4组间微生物群落结构无显著差异。
The weighted (a,c) and unweighted (b,d) UniFrac distances
加权(a,c)和未加权(b,d)的UniFrac距离

Beta diversity贝塔多样性
Vaccination against Lawsonia intracellularis changes the intestinal  microbiome in weaned piglets

         接种胞内劳森菌疫苗可改变断奶仔猪肠道微生物群
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Microbiome composition of pigs at the phylum level associated with  vaccination against 
Lawsonia intracellularis in piglets at 11 weeks of age. 
11周龄仔猪接种胞内劳森菌疫苗相关的猪微生物组门类组成。
Phylum Firmicutes and Bacteroidetes are the major phyla, regardless  of 
L.intracellularis vaccine treatment.
无论胞内劳森菌疫苗接种与否，厚壁菌门和拟杆菌门都是主要的门

Taxonomic composition分类组成
Vaccination against Lawsonia intracellularis changes the intestinal  microbiome in weaned piglets

         接种胞内劳森菌疫苗可改变断奶仔猪肠道微生物群
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Microbiome composition of pigs at the genus level associated with  vaccination 
against Lawsonia intracellularis in weaned piglets at 11  weeks of age.
在属水平上与11周龄断奶仔猪接种胞内劳森菌相关的猪微生物组组成。
Prevotella were the most predominant bacterial genera普氏菌属是最主要的细菌属

Taxonomic composition
Vaccination against Lawsonia intracellularis changes the intestinal  microbiome in weaned piglets

         接种胞内劳森菌疫苗可改变断奶仔猪肠道微生物群
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Box plots showing significantly different taxa at the genus level in pigs  experimentally 
challenged with Lawsonia intracellularis vaccine.
箱形图显示胞内劳森菌疫苗攻毒的猪在属水平上有显著不同的类群。
LAW3 group were significantly enriched in the genera Streptococcus and reduced the genera Clostridium 
LAW3组链球菌属蛋白显著富集、减少梭菌属

Differential analysis
Vaccination against Lawsonia intracellularis changes the intestinal  microbiome in weaned piglets

         接种胞内劳森菌疫苗可改变断奶仔猪肠道微生物群
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Vaccination Against Lawsonia intracellularis Decreases Shedding  of 
Salmonella enterica serovar Typhimurium in Co-Infected Pigs  and 

Alters the Gut Microbiome
接种胞内劳森菌疫苗可减少共感染猪肠道沙门氏菌血清型鼠伤寒杆

菌的脱落并改变肠道微生物组
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Materials and Methods材料与方法
Field Experimental Design实地实验设计

L. Intracellularis
胞内劳森菌

S. Typhimurium
鼠伤寒沙门氏菌

(21 days old)
21日龄

vaccinated against
L. Intracellularis

免疫胞内劳森菌疫苗

non-infected control (Control), challenged with S. Typhimurium alone (Sal), challenged with both S.  
Typhimurium and L. intracellularis (Sal Law), challenged with S. Typhimurium and vaccinated against L.  
intracellularis (Sal Vac), challenged with both S. Typhimurium and L. intracellularis and vaccinated against L.  
intracellularis (Sal Law Vac)未感染对照(对照)，单独鼠伤寒沙门氏菌攻毒(Sal)，同时攻毒鼠伤寒沙门氏菌和
胞内劳森菌(Sal Law)，同时攻毒鼠伤寒沙门氏菌并接种胞内劳森菌疫苗(Sal Vac)，同时攻毒鼠伤寒沙门氏菌
和胞内劳森菌并接种胞内劳森菌疫苗(Sal Law Vac)

Experimental Timeline:
实验时间表
Days Post S.Typhimurium infection
感染鼠伤寒沙门氏菌后的天数

粪便样本 DNA提取 PCR反应 高通量测序 分类和功能分析
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Results结果
Fecal shedding of Salmonella enterica serovar Typhimurium
肠炎沙门氏菌血清型鼠伤寒沙门氏菌的粪便脱落

L. intracellularis vaccination reduces S. Typhimurium shedding in co-infected animals
胞内劳森菌接种可减少并发感染动物的伤寒杆菌脱落

Fig.1. Fecal shedding of Salmonella enterica serovar Typhimurium over time, measured  by the MPN method.图1 用MPN
法测定肠炎伤寒沙门氏菌血清型随时间的粪便脱落

The greatest difference in shedding level between groups was found at 7 days post challenge with S. Typhimurium.  At this time point, the Sal Law group 
shed 2.94 log10 S. Typhimurium organisms per gram of feces, while the Sal Law  Vac group shed 0.82 log10 S. Typhimurium organisms per gram of feces 
(p = 0.003)鼠伤寒沙门氏菌攻毒后第7天，各组间的脱落水平差异最大。在此时间点，Sal Law组每克粪便排出2.94 log10 S.鼠伤寒杆菌，Sal Law 
Vac组每克粪便排出0.82 log10 S.鼠伤寒杆菌(p = 0.003)。
L. intracellularis vaccination in co-infected animals potentially could reduce the shedding of different serovars, another desired quality of a S. enterica vaccine. 
在共感染动物中接种胞内劳森菌可能会减少不同血清型的脱落。这是肠道沙门氏菌疫苗的另一个理想品质。

每
克
粪
便
中
的
沙
门
氏
菌

Lo
g1

0

治疗
对照
沙门氏菌
沙门氏菌 胞内劳森菌
沙门氏菌 胞内劳森菌 胞内劳森菌疫苗
沙门氏菌 胞内劳森菌疫苗

感染沙门氏菌后的天数
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Results结果
Alpha diversity阿尔法多样性

Simpson index among different treatment groups不同治疗组的辛普森指数

Fig.2. The Simpson index, which takes into account evenness and richness within a sample.
图2 辛普森指数，它考虑了样本内的均匀度和丰富度。

The results showed that all treatment groups that received L. intracellularis had higher microbial  diversity at 7 days 
post-infection with S. Typhimurium, suggesting that exposure to L. intracellularis
helps maintain microbial diversity in response to S. Typhimurium infection.结果显示，在鼠伤寒沙门氏菌感染后7天，所

有接受胞内劳森菌的处理组的微生物多样性都较高，表明暴露于胞内劳森菌有助于维持鼠伤寒沙门氏菌感染后的

微生物多样性。

0 days post S. Typhimurium infection
鼠伤寒感染后0天

49 days post S. Typhimurium infection
鼠伤寒感染后49天

7 days post S. Typhimurium infection

鼠伤寒感染后7天
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• L. intracellularis infection or vaccination shifted the microbial community 
structure of the pig microbiota in weaned piglets.

胞内劳森菌感染或接种疫苗会改变断奶仔猪微生物群落结构。

• Significant elevation of Streptococcus and significant depletion of
Clostridium due to L. intracellularis vaccination (possibly good effect).

链球菌含量显著升高，而嗜酸性链球菌含量显著降低。胞内劳森菌
疫苗引起的

• L. intracellularis vaccination in co-infected animals potentially could 
reduce  the shedding of Salmonella enterica serovar Typhimurium.

在共感染动物中接种胞内劳森菌可能会减少肠炎沙门氏菌血清型
鼠伤寒沙门氏菌的脱落。

• The findings of these studies should be confirmed with evidence-based  
experiments.

这些研究结果循证实验来证实。

Summary 总结
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Thanks much for your attention!!
感谢您的聆听！！

INTERNATIONAL PIG DIGESTIVE DISEASES SYMPOSIUM
国际猪消化疾病研讨会 (IPDDS)  
April 9-11, 2024, Nanyang, China
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