
Salmonella Epidemiology, 
clinical signs and pathology

沙门氏菌流行病学、临床症状
及病理学
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Outline
概要

§Brief summary of classification of Salmonella
沙门氏菌分类概述

§ Important epidemiological features
重要的流行病学特征

§Clinical signs, lesions & diagnosis
临床症状、病变及诊断

§Dysbiosis
肠道生态失调
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Salmonella 
沙门氏菌 

§ Gram negative bacillus capable of infecting a wide species range
革兰氏阴性杆菌，能够感染大量物种

§ One of most important enteric pathogens in weaned pigs and significant zoonotic 
pathogen
断奶仔猪最重要的肠道病原体之一，也是重要的人畜共患病原体

§ Nomenclature can be confusing if you are not a microbiologist
如果你不是微生物学家，可能会对这一术语感到困惑
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Salmonella
沙门氏菌

(genus) 
（属） 

S. enterica
肠道沙门氏菌

S. bongori
邦戈沙门氏菌
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S. enterica
肠道沙门氏菌

entric
肠道 

salamae
萨拉姆

arizonae
亚利桑那

diarizonae
双亚利桑那

houtenae
豪顿

indica
印地卡

~2500 serovars*/serotypes
约2500种血清型

Based on serological testing of O 
and H antigens

基于O和H抗原的血清检验

EXAMPLE:
例：
Salmonella enterica subsp. enterica serovar Typhimurium (Salmonella Typhimurium)
肠沙门氏菌肠亚种鼠伤寒血清型（鼠伤寒沙门氏菌）

Ryan等（2017），《国际生物医学研究》
https://doi.org/10.1155/2017/3782182 
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Costs of Salmonellosis
沙门氏菌病造成的损失

§ ~100-150 million annual cases of human gastroenteritis and 57,000 deaths globally (Kirk et al 2010, 
Majowicz et al, 2010)
全球每年约有1-1.5亿例人类胃肠炎病例和57,000例死亡病例（Kirk等，2010；Majowicz等，2010）

§ Food is source ~80% of cases (Majowicz et al, 2010) - beef, poultry, pork
约80%的病源来自食物（Majorwicz等，2010）——牛肉、禽肉、猪肉

§ Foodborne salmonellosis costs US economy $2.7-$3.7 billion (Hoffman et al, 2015; Soliani et al, 2023); 
comparable costs in EU (EFSA 2023)
食源性沙门氏菌病致使美国经济损失达27-37亿美元（Hoffman等，2015；Soliani等，2023）；欧
盟亦有同样的损失（欧洲食品安全局2023年报告）

§ EU: 2nd most common cause of foodborne infection since 2005 (Knetter et al, 2015); almost 100,000 
cases annually, 10-20% of which are traced to pork consumption
欧盟：自2005年以来成为食源性感染的第二大常见原因（Knetter等，2015）；每年近100,000例
病例，其中10-20%与猪肉有关
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Financial costs to industry
猪肉行业经济损失

US pork producers ~$100 million / year (Soliani et al, 2023)
美国猪肉生产商：约1亿美元/年（Soliani等，2023）

UK: £1.22 (US$ 1.55) per pig case (Gavin et al 2018)
英国：每头病猪1.22英镑（约合1.55美元）（Gavin等，2018）

~2.1m cases without interventions = £2.6m annually (US$3.3m)
不加干预的情况下，约210万例病例=每年260万英镑（约合330万美元）
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Salmonella in pigs
猪沙门氏菌病
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Septicaemia
败血症

S. Choleraesuis
猪霍乱沙门氏菌

Enteric
肠道

S. Typhimurium & monophasic var.
鼠伤寒沙门氏菌&单相变种

Any age may be affected – most common at 3-6 weeks of age
任何日龄都可能受到影响——最常见于3-6周龄
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Epidemiology of Salmonella infection in pigs
猪沙门氏菌感染的流行病学

§ 2008: Overall EU on-farm prevalence of 31.8-33.3% 
(pooled faeces)

2008：欧盟猪场总体流行率为31.8-33.3%（混合粪便）

§ 2014: 20% prevalence in UK 
2014：英国的流行率为20% 

(culture of ICC LNs at point of leaving farm)
（出栏时肝内胆管癌淋巴结 [ICC LNs] 的培养物）

It depends when, where and how you measure it
这取决于测量的时间、地点和方法

What is the prevalence of infection?
感染的流行率是多少？

§ Caecal prevalence of ~32% in 2019 (UK) and 55% in 
2022 (Ireland)

2019年盲肠流行率约为32%（英国），2022年约为
55%（爱尔兰）

§ EU prevalences significantly lower overall
欧盟的总体流行率明显较低

China: ~29% in 2011 and ~23% in 2016 (carcass/rectal 
swabs and LNs)

中国：2011年约为29%，2016年约为23%（胴体/直肠拭
子和淋巴结）

S. Typhimurium, monophasic var, and S. Derby most frequent
鼠伤寒沙门菌、单相变种和德比沙门氏菌最为常见
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Key epidemiological features
关键流行病学特征

§ Ubiquitous, robust organism that can survive for several weeks in a dry 
environment and months in water; persists in faeces for months; 
sensitive to disinfection BUT….
无处不在的强力病原体，可以在干燥环境中存活数周，在水中存
活数月；在粪便中存活数月；对消毒剂敏感，但是……

§ Arrival of new animals one of main routes of introduction onto farm
新引进的猪只是其进入农场的主要途径之一

§ Perpetual cycle of infection on farm
农场感染的持续循环

§ High level of asymptomatic carriage (22 weeks post infection)
高水平无症状携带者（感染后22周）

§ Spread by vectors
通过载体传播

§ Infectious dose is low
感染剂量低
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STRESS
应激
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Clinical signs, lesions & diagnosis
临床症状、病变及诊断
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S. Choleraesuis
猪霍乱沙门氏菌

§ Found dead
发现死亡

§ Cyanosis (ears, chest, abdomen, feet)
发绀（耳部、胸部、腹部、蹄部）

§ Dyspnoea (laboured breathing)
呼吸困难（呼吸艰难）

§ Dull/drowsy
迟钝/精神沉郁

§ Pyrexic
发热

§ May have mild diarrhoea
可能伴有轻微腹泻

§ May develop nervous signs 
可能伴有神经系统症状

(tremor, head tilt, nystagmus, opisthotonus)
（寒颤、头部倾斜、眼球震颤、角弓反张） Noah’s Arkive猪
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Septicaemia: Macroscopic pathology
败血症：宏观病理学

§ Splenomegaly
脾肿大

§ Enlarged lymph nodes
淋巴结肿大

§ Pneumonia
肺炎

§ Foci of hepatic necrosis
局灶性肝坏死

§ Enterocolitis
小肠结肠炎

§ Widespread haemorrhage
大面积出血

§ Gastric erosions and infarcts
胃糜烂和梗塞

§ Meningitis/meningoencephalitis
脑膜炎/脑膜脑炎 Source: Dr Rachel Reams

来源：Rachel Reams博士
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Source: Dr Rachel Reams
来源：Rachel Reams博士猪
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Salmonella Typhimurium
鼠伤寒沙门氏菌
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Clinical signs
临床症状

§ Generally seen in pigs from weaning up to ~ 5 months old
常见于断奶至5月龄猪只

§ Green/yellow, watery faeces
绿色/黄色、水样粪便

§ Lethargic, off feed
精神沉郁，食欲不振

§ Fever
发热

§ Gaunt, dehydrated
憔悴，脱水

§ Emaciation
消瘦

§ Death
死亡 猪
消
化
道
疾
病
国
际
研
讨
会



S. Typhimurium (and variant)
鼠伤寒沙门菌（及变异株）

Source: Mark Wessels and Vet Lab Agency, Penrith, UK
来源：Mark Wessels和英国彭里斯兽医实验室机构

Noah’s Arkiveve

Noah’s Arkive猪
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Source: Dr Rachel Reams
来源：Rachel Reams博士
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Diagnosis of Salmonella
沙门氏菌诊断

§ Necropsy with histopathology and culture
组织病理学尸检及细菌培养

§ Assess different levels of the GI tract and sample viscera (liver, spleen, lung, LNs)
评估不同水平的胃肠道和内脏样本（肝脏、脾脏、肺、淋巴结）

§ Bacterial culture allows antimicrobial sensitivity and serotyping; direct culture (e.g. brilliant green 
agar) with simultaneous inoculation of enrichment broth and plating after 24 hours
细菌培养便于进行抗菌药物敏感性测试和血清分型；直接培养（如亮绿琼脂），同时接种
增菌肉汤，24小时后转移至平板培养

§ PCR for initial diagnosis can be difficult to interpret as carrier animals will be positive while 
disease free; PCR may also detect vaccine
带菌猪在无病状态下PCR检测结果呈阳性，因此初步诊断时使用PCR可能很难；PCR也可以
检测疫苗

§ CORRELATE WITH PATHOLOGICAL LESIONS
与病理病变相关

Clinical signs and lesions are not 
specific for Salmonella

沙门氏菌的临床症状和病变尚未明确
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Dysbiosis
肠道生态失调
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Co-infections
共感染

§ Co-infection (based on Lawsonia and PRRSV seroconversion) was a RF for 
Salmonella shedding 
共感染（基于劳森菌和PRRSV血清转化）是沙门氏菌排毒的一个风险因素。 

§ Lawsonia and Salmonella coinfection is common in pigs; Lawsonia promotes 
prolonged shedding of S. Typhimurium & contributes to carrier state (Paterson et al 
2016)
劳森菌和沙门氏菌共感染在猪群中很常见；劳森菌促使鼠伤寒沙门氏菌长时
间排毒，呈带毒状态（Paterson等，2016）

Therefore  - does Lawsonia increase the risk of Salmonellosis in humans?
因此，劳森菌是否会增加人类患沙门氏菌病的风险？

法国分娩-育肥群的商品猪肠道沙
门氏菌肠道亚种排毒的风险因素

猪
消
化
道
疾
病
国
际
研
讨
会



Potentially !
未来可期！

Vaccination against Lawsonia 
针对劳森菌的疫苗接种 

§ Appears to alleviate the dysbiosis driven by Lawsonia infection
或许能减轻劳森菌感染引起的肠道生态失调

§ Reduces shedding of S. enterica in co-infected pigs (Visscher et al 2018)
减少共感染猪只的肠道沙门氏菌排毒（Visscher等，2018）

§ Reduces ability of Salmonella to colonise the gut (Leite et al 2018)
降低沙门氏菌在肠道中的定植能力（Leite等，2018）

§ Reduces Salmonella seroprevalence in finishers (Meschede et al 2021)
降低育肥猪的沙门氏菌血清流行率（Meschede等，2021）

§ Improves performance parameters [dwg, mortality rate, fattening time] (Meschede et al 2021)
提高性能参数（日增重、死亡率、育肥时间）（Meschede等，2021）

§ Other benefits
其他好处

Lawsonia alters the microbiome such that, amongst other effects, it 
supports Salmonella infection in pigs, coined as a “dysbiosis”

劳森菌改变了微生物组，因此，除了其他影响之外，它还会对
猪沙门氏菌感染起到推动作用，导致所谓的“肠道生态失调”

Dysbiosis = imbalance in gut microbiome
肠道生态失调=肠道菌群失衡
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Summary
总结

§ Salmonella is an important cause of disease and economic burden in humans and in 
the pig meat production industry
沙门氏菌是导致人类和猪肉生产行业出现疾病和经济负担的一个重要原因

§ Epidemiological advantages
流行病学的优势

§ Diagnosis and exclusion of other diseases requires necropsy, histopathology, culture 
and serotyping
诊断和排除其他疾病需要尸体剖检、组织病理学诊断、培养和血清分型

§ Salmonella infection appears to be supported by coinfection with Lawsonia, possibly 
driven by a dysbiosis – this and other effects linked to a potential dysbiosis have 
been reduced by Enterisol ileitis vaccine
沙门氏菌感染似乎与劳森菌的共感染有关，可能是由肠道生态失调引起的——
恩特瑞（Enterisol）回肠炎疫苗已经减弱了这种以及其他与潜在肠道生态失调
有关的影响
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