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1882年3月24日,罗伯特.科霍在德国柏林生
理学会上宣布了结核菌是导致结核病的病原菌 



M.Tb and Host 
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TB Pathogenesis (1) 

Droplet nuclei containing tubercle bacilli are 
inhaled, enter the lungs, and travel to small 

air sacs (alveoli) 
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TB Pathogenesis (2) 

bronchiole
blood vessel

tubercle bacilli

alveoli
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Tubercle bacilli multiply in alveoli, where  
infection begins  
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TB Pathogenesis (3) 

A small number of tubercle bacilli enter 
bloodstream and spread throughout body 

 
 

brain

lung

kidney

bone
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TB Pathogenesis (4) 
LTBI 

special
immune cells 
form a barrier 
shell (in this
example,
bacilli are
in the lungs)

4

•  Within 2 to 8 weeks the immune system 
produces special immune cells called 
macrophages that surround the tubercle bacilli 

 

•  These cells form a barrier shell that keeps the 
bacilli contained and under control (LTBI) 
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TB Pathogenesis (5) 
TB Disease 

shell breaks 
down and 
tubercle
bacilli escape 

 multiply
(in this example,
TB disease 
develops in 
the lungs)

and
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•  If the immune system CANNOT keep tubercle bacilli 
under control, bacilli begin to multiply rapidly and 
cause TB disease 

 

•  This process can occur in different places in the body 



Tuberculosis. NATURE REVIEWS | DISEASE PRIMERS.2016 

结核的疾病谱：从潜伏感染到活动性结核 



Classification of tuberculosis 



结核病 

结核分枝杆菌潜伏感染者 

非活动性结核病 

活动性结核病 

Classification of tuberculosis 
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Classifica2on	  of	  TB	  infec2on	  

Latent TB (LTBI) Active TB (in the lungs) 
Inactive, contained tubercle bacilli 
in the body 

Active, multiplying tubercle bacilli 
in the body  

TST or blood test results usually 
positive  

TST or blood test results usually 
positive  

Chest x-ray usually normal  Chest x-ray usually abnormal  

Sputum smears and cultures 
negative  

Sputum smears and cultures may 
be positive  

No symptoms  Symptoms such as cough, fever, 
weight loss  

Not infectious  Often infectious before treatment  

Not a case of TB  A case of TB  
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Sites	  of	  TB	  Disease	  (1)	  

Bacilli	  may	  reach	  any	  part	  of	  the	  body,	  but	  common	  sites	  
include:	  

Brain

Lymph node
Pleura
Lung

Spine
Kidney

Bone

Larynx



miliary	  tuberculosis	  



Pulmonary TB typically affects the upper zones 
of the lung 



男性，22岁，学生，咳嗽1年 

典型肺结核影像 



右上叶后段结节病灶，周围

可见卫星病灶 

典型肺结核影像 





不典型肺结核影像 



不典型肺结核影像 





25 male African. Expanding non painful lesion in neck - Cervical 
lymph node TB progressing to abscess (beware deep extension – collar 
stud abscess) 



OOen	  associated	  with	  delay	  in	  diagnosis	  –	  any	  chronic	  
discharging	  lesion	  must	  be	  considered	  possibly	  TB	  



Renal tuberculosis (may have few or no symptoms) 
leading to autonephrectomy 



meningitis – diagnosis usually made on clinical grounds 

•  Clinical	  
•  Acute	  or	  subacute	  
•  Prognosis	  related	  to	  severity	  of	  disease	  at	  onset	  of	  treatment	  
•  Commonly	  delay	  between	  presenta2on	  and	  diagnosis	  
•  Common	  in	  children	  
•  c100	  cases	  per	  year	  in	  England	  

•  CSF	  
–  Cell	  count	  50-‐500	  (50%	  lymphs,	  50%	  polys)	  
–  High	  protein	  ++	  
–  Low	  glucose	  
– Micro	  oOen	  nega2ve	  (PCR/culture	  important)	  



miliary	  TB	  on	  MRI	  scan	  
tuberclomas	  on	  CT	  scan	  



Discovery	  of	  an2tubercular	  agents 

1912         1944        1946         1952         1961         1967          1986 
INH           SM          PAS          PZA          EMB          RFP          左氧 



Biphasic	  Decline	  in	  Viable	  Bacteria	  during	  Treatment	  for	  Tuberculosis	  	  
 

N Engl J Med 2013;368:745-55. 
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DOTS strategy----early '90s 
 

A survey conducted in 1989 -1990 revealed 1.7 thousand million people(one-third of the 
world‘s population) have been or are infected with Mycobacterium tuberculosis . Fewer than 15 
countries have a built-in monitoring system . 
 
 

Report of the Ad Hoc Committee on the Tuberculosis Epidemic, London, 17-19 March 1998. Geneva, World Health Organization, 1998 (document WHO/TB/98.245).  
World Health Organization. Forty-fourth World Health Assembly .Geneva,1991. 
 
 



The forty-fourth World Health Assembly (1991)  
Proposed global target :  By the year 2000, 85% cure of all sputum-positive cases under 
treatment and 70% case detection.  
 

The  44th World Health Assembly (1991) recognized the growing 
importance of TB as a public health problem  

World Health Organization. Forty-fourth World Health Assembly .Geneva,1991. 
 
 



Progress towards the target of 70% case definition, for 22 
high TB burden countries, given the current and 
accelerated rate of progress.  

World	  Health	  Organiza2on.	  Treatment	  of	  tuberculosis:	  guidelines	  for	  na2onal	  programs.	  Geneva:World	  Health	  Organiza2on,	  2003. 



 
•  failure to ensure accessible diagnosis and treatment services 

•  inadequate treatment regimens and failure to use standardized treatment regimens;  

•  lack of supervision and an information management system for the rigorous 
evaluation of treatment outcomes of TB patients;  

•  misguided policies for health sector reform, with cuts in health care budgets and 
resultant reduction in financial support to peripheral health services.  

Reassessment of tuberculosis  
 

World Health Organization. Forty-fourth World Health Assembly .Geneva,1991. 
 
 



In 1994 
World Health Organization 
Framework for effective tuberculosis control.  

World Health Organization. Framework for effective tuberculosis control. WHO/TB/94.179. 1994. 



Initial phase :  2( HRZE) 
 
 
Continuation phase : 4 (HR)	  3	   
 
 
 

Core DOTs strategy regimen 
 



DOTs strategy outcome 
Eleven years of community-based directly 
observed therapy in Baltimore: 
 
Completion rates : 90.1%  
 
 

1998 JAMA 

A summary pf published studies on DOTs in a 
consensus statement : 
Treatment completion rates for pulmonary tuberculosis 
are most likely to exceed 90%。 
An average of 86% completion for patients treated by 
DOT.  
  
 

JAMA. 1995 Sep 27;274(12):945-51. 
JAMA, 1998, 279(12):943-8. 
Am J Respir Crit Care Med, 2004; 170: 561–566 
 
 

1995 JAMA 

2004 Am J Respir 
Crit Care Med 

Cure rate :97.8% 



Problems of TB therapy 

•  Toxicity	  e.g.	  liver	  
•  Mul2ple	  therapy	  
•  Prolonged	  treatment	  
•  Drug	  interac2ons	  e.g.	  an2	  HIV	  drugs	  



LoBue PA, Mermin JH. Lancet Infect Dis. 2017 Oct;17(10):e327-e333.  

END-‐TB	  strategy	  in	  US 



结核病治疗当前⾯面临的问题 

1. 病⼈人的发现率 

2. 治疗的依从性 

3. 初治耐药 

4. 潜伏感染活动对新病⼈人数量的贡献 





Hiding  ac)ve  pa)ents
5.56%	  
纳⼊入治疗	  







Percentage  of  new  and  relapse  pulmonary  TB  cases  with  
bacteriological  confirma)on,  2017    
 



Diagnosis	  of	  bacteriological	  negaIve	  TB 

疑似结核病(症状+影像) 

细菌学检查(AFB+Culture) 

阳性 阴性 

核酸扩增 

阴性 阳性 

MTB NTM 

核酸扩增 

阴性 阳性 

IGRA 病理 抗体 

诊断性治疗 

MTB 

其他 

⽆无
效 

有
效 



⽤用于诊断活动期结核感染 

⽤用于筛查潜伏期结核感染（或既往暴露）	  

传统技术 现代技术 

影像学	   涂⽚片镜检	   培养	   ⽪皮肤菌素试验	   IGRA	   分⼦子诊断	  

Molecular	  diagnosis	  	  



活动

性结

核病 

按病变部位 

按耐药状况 

按病原学检查结果 

按治疗史 

Increase	  the	  percentage	  of	  new	  and	  relapse	  pulmonary	  TB	  cases	  
with	  bacteriological	  confirmaIon 

肺结核 

肺外结核 

涂片阳性肺结核 
涂片阴性肺结核 

培养阳性肺结核 

培养阴性肺结核 
分子生物学阳性肺结核 
未痰检肺结核 

非耐药结核病 

耐药结核病 

初治结核病 

复治结核病 



不充分的病⼈人治疗 

He G X, van den Hof S, van der Werf M J, et al. Inappropriate tuberculosis treatment regimens in Chinese 
tuberculosis hospitals[J]. Clinical Infectious Diseases, 2011, 52(7): e153-e156. 

抽样调查显⽰示中国仅18%和初治结核患者与9%的复治结核患者接受了标准
的抗结核治疗 



F-L. Huang, J-L. Jin et al. Int J Tuberc Lung Dis. 2015 Mar;19(3):319-25 

•  MDRTBplus与预后	  
•  MDRTB预后最差	  
•  异烟肼单耐患
者其次	  

•  敏感患者预后佳	  

•  ⺫⽬目前复治⽅方案会加
重/扩⼤大耐药情况
，特别是耐药的
复治患者中。 



回顾性分析检测了重庆地区95株广泛耐药结核病（XDR-TB）的分
离株，对7种常用抗结核药物的8种耐药基因进行筛选，katG315和
inhA启动子、rpoB、gyrA、rpsL、rrs、embB306、pncA与重庆地
区广泛耐药结核病中INH、RFP、OFLX、SM、KM、EMB、PZA
耐药相关 

Feifei Wang  et al.  Zhang WH. Antimicrob Agents Chemother. 2015 ;59(2):818-25 



From	  sensiIve	  TB	  to	  extensive	  resistant	  TB	  	  



结核耐药性检测与药物选择 

⼀一线⼝口服药物 

注射类药物 

喹诺酮类 

⼆二线⼝口服抑菌药
物 

疗效不确切药物 

1线 

2线 

3线 



重⼤大变化1：药物重新分组，重新排序 

药物分组 药物名称 

A.氟喹诺酮类药物 莫⻄西沙星（Mfx）；	  
左氧氟沙星（Lfx）；	  

加替沙星（Gfx） 

B.⼆二线注射类药物 阿⽶米卡星（Am）；	  
卡那霉素（Km）；	  

卷曲霉素（Cm）；	  
链霉素（S） 

C.其他核⼼心⼆二线药
物 

丙硫异烟胺（Pto）；	  
环丝氨酸（CS）；	  

利奈唑胺（LZD）；	  
氯法⻬齐明（CFZ） 

D.追加药物 D1 吡嗪酰胺（Z）；	  
⾼高剂量异烟肼（H）；	  

⼄乙胺丁醇（E） 

D2 ⻉贝达喹啉（Bdq）；德拉⻢马尼（Dlm） 

D3 对氨基⽔水杨酸、亚胺培南⻄西司他丁、美罗培
南、阿莫⻄西林克拉维酸、（氨硫脲） 

WHO	  	  2016年更新耐多药结核病治疗药物种类 

WHO	  	  2018年推荐耐多药结核病治疗
药物种类 



WHO	  	  2018年推荐耐多药结核病治疗
药物种类 

重⼤大变化1：药物重新分组，重新排序 

1、口服药物优先于注射剂：弃用
卡那霉素和卷曲霉素，降低注射
类药物的地位	  
Ø  卡那霉素和卷曲霉素在长程MDR-‐TB方案中的使

用增加了治疗失败和复发的风险而不再推荐使
用	  

Ø  阿米卡星没有显示出类似的关联，然而对其安
全性的担忧与其他注射剂药物相同 

2、贝达喹啉和利奈唑胺的地位明
显提高，强烈推荐，除非不能使
用 
Ø  贝达喹啉和利奈唑胺的最佳疗程未定	  

Ø 贝达喹啉使用超过6个月的安全
性和有效性证据不足	  

Ø 利奈唑胺使用至少6个月是非常
有效的，尽管毒副作用可能会
限制它的使用 



基因测序技术逐渐应⽤用于抗结核药物敏感性分析 

Lancet Respir Med 2017; 5: 291–360 http://dx.doi.org/10.1016/ S2213-2600(17)30079- 



基因测序技术逐渐应⽤用于抗结核药物敏感性分析 

Lancet Respir Med 2017; 5: 291–360 http://dx.doi.org/10.1016/ 
S2213-2600(17)30079- 



基因测序技术逐渐应⽤用于抗结核药物敏感性分析 



基因测序技术逐渐应⽤用于抗结核药物敏感性分析 

N Engl J Med 2017;377:1043-54. DOI: 10.1056/NEJMoa1614915 



IGRA (TB-SPOT) to diagnose LTBI in China 

LTBI 
prevalence: 
18%-20%  

Zhang S, et al. Zhang W. 



GAOL， et al. Lancet Infect Dis 2015;15: 310–19 

30	  M	  LTBI	  
	  
1.5M-‐3.0M	  New	  
cases	  /	  whole	  life	  
	  
300K-‐600K/y,	  50y	  
	  



N Engl J Med, Vol. 345, No. 15 ·October 11, 2001 

Anti-TNFα：LTBI is a real story 



Stratety of Preventive treatment 

  





End of TB：a strategy or a slogan? 





Global	  strategy	  and	  targets	  for	  tuberculosis	  preven2on,	  care	  and	  control	  aOer	  2015。 WHO	  2017 

Goal of WHO END-TB strategy 



Elimination Strategy 

Dye C, et al. Annu Rev Public Health 2013;34: 271-86. 



High risk for active tuberculosis from LTBI 

•  WHO 2015年⾸首次推出潜伏
性结核的指南 

•  根据国家收⼊入，结核病发
病率等指标将各个危险因
素及相关的筛查治疗⼿手段
进⾏行了分类。 



WHO recommendations 



Latent TB Infection Prevention in Silicosis Patients 

Cross-sectional study has been performed among 1 227 silicosis patients in Wenling, Zhejiang, China 

Active TB prevalence was 7 300/100 000 among silicosis patients （high TB risk population） 

 

Ø  RCT	  for	  PrevenIon	  Study  ：Regimen：

3RPT/INH	  by	  DOT	  

RifapenIne:	  15mg/kg，up	  to	  900mg	  

Isoniazide:	  15mg/kg，up	  to	  900mg	  
	  
	  
ClinicalTrials.gov	  Iden2fier:NCT02430259	  



Elimination Strategy in China: time points 

Dye C, et al. Annu Rev Public Health 2013;34: 271-86. 



Source	  of	  the	  new	  paIents	   

LTBI New	  cases 

Diagnosed	  
cases 

cure Failed	   

cure 

relapse 

failed Transmission	  and	  
expansion 

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
 

Strategy 
to end 

TB 




