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Abordando la vigilancia transnacional 
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Instituto de Investigación Sanitaria Gregorio Marañón  



Inves&gación	epidemiológica	

Estudio	de	contactos	

Epidemiología 
Enfermería 
Trabajadores 
sociales 
Médicos de familia  



Alternativa desde el laboratorio 

Inves&gación	epidemiológica	

Epidemiología	molecular	

Y tú, malvada…. 
 
¿A quien has infectado? 
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¿Datos epidemiológicos 
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¿ Precisión insuficiente?  



4.4Mb 

0.03% 

Métodos	de	geno&pado	actuales	 Secuenciación	de	Genoma	Completo	

Poder de discriminación máximo 



Align to 
H37Rv	

WGS 

Genomic	epidemiology		

Orphan	strains	 Clusters		VS 

SNPs	



Genomic	epidemiology	in	TB		

Whole	Genome	Sequencing	

SNPs	similarity	thresholds	to	define	clusters	

Lancet ID, Nov 2012 

<5 SNPs 

>12 SNPs 





TB	is	a	Global	Issue	



Moving	on	to	Surveying	complete	migratory	axis	

TB	is	a	Global	Issue	



Argen&na	Peru	Panama	

Italy	 France	Spain	



Alternative	to	survey		
TB	transmission	
based	on	WGS		

WGS 
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Strain	Specific	
SNPs	

Our	proposal	



Strain-specific	PCRs	

Targeted	Regional	Alelle-specific	PCR		(TRAP)	

Rv2839 

Targeted 
gene 

G 
C PS2 R2 

334 bp 

Strain 
other 
than F 

Strain F A 
R2 PS2 

No amplification 

PS1 
Rv0102 

Targeted 
gene 

T 
R1 

Strain B 
No amplification 

Strain 
other 
than B 

G 
C PS1 R1 

171 bp 

TRAP	



PACIENTE ID latitud longit 
706 36,846848 -2,43903 
166 36,847622 -2,431053 
176 36,848117 -2,431711 

1027 36,848954 -2,450219 
1027 36,849664 -2,452592 

291 36,853268 -2,440572 
620 36,930058 -2,459445 
362 36,998741 -1,891973 
601 37,330388 -2,435772 

1123 37,331108 -2,304269 
1086 37,347682 -2,440023 

700 37,354519 -2,297269 

IDENTIFICACIÓN	DE	CLUSTERS	
ACTIVOS	NO	CONTROLADOS	

15 años Epidemiología 
Molecular 





Latin-America/Mediterranean-Europe	
Migratory	Axis	

Moving	on	to	Surveying	complete	migratory	axis	



Argen&na	Peru	Panama	

Italy	 France	Spain	

High	MDR	rates	



Perú	

60	MDR	isolates	2014/15	

  

Popula&on	selected	

One of the poorest districts  
 
The highest incidence of TB in 
the city (193/ 100,000) 

San	Juan	de	Lurigancho	Lima	



France	 Prescreening	by	TB-SPRINT	

Spain	

Confirmation	by	MIRU-VNTR	

58%	in	8	clusters	
(2-9	cases)	



Perú	

Italy	



 
 MDR cluster involving  
11 Peruvian migrants in 

Florence 

MIRU-VNTR:  134224242224126153312822 

Italy	



Perú	

Integrated	analysis	Peru-Italy	

Italy	

MIRU-VNTR:  134224242224126153312822 



Perú	

134224242224126153312822 
134224242224126153312822 
134224242224126153312822 
134224242224126153312822 Italy	

134224242224126153312822 

134224242224126153312822 
134224242224126153312822 
134224242224126153312822 
134224242224126153312822 
134224242224126153312822 
134224242224126153312822 
134224242224126153312822 
134224242224126153312822 
134224242224126153312822 
134224242224126153312822 

Integrated	analysis	Peru-Italy	
MIRU-VNTR:  134224242224126153312822 



Perú	

Italy	

MDR	

Short-cut	



SHARED	strain-specific	test	

0	CASES	2	CASES	 1	CASE	 2	CASES	

Argen&na	Peru	Italy	 Spain	



TRAP	

TRAP	

TRAP	
TRAP	

TRAP	

TRAP	



TRAP	

TRAP	

TRAP	
TRAP	

TRAP	

TRAP	

2	independent	
exporta&on	events	



Focus	on	the	ORIGIN	

Focus	on	the	origin	



Peru	 San	Juan	de	Lurigancho	

El	Callao	
prison	

San	Juan	de	
Lurigancho	
prison	

Focus	on	the	ORIGIN	 Short-cut	



Peru	
Spain	

335222759811632833114625 
335222759811632833114625 

Prevalent strain 

El	Callao	
prison	

2016	

2017	

MDR-TB 

MDR-TB 

El	Callao	
prison	

335222759811632833114625 

Prison	agreement	Peru-Spain	

2018 

MDR-TB 

Spain	

2005	



335222759811632833114625 

2005	 2016	 2017	

>10	years	

Reservoirs of MDR-TB 

335222759811632833114625 

TRAP	



Latin-America/Mediterranean-Europe	
Migratory	Axis	

Moving	on	to	Surveying	complete	migratory	axis	



REFINED SURVEILLANCE PROGRAM 

Identifying  failures  

STANDARD SURVEILLANCE 



Refined	TB	surveillance	program	2019-21		
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Filling	gaps	 1 

Refined	TB	surveillance	program	2019-21		

Integrating 
epidemiologist and 
molecular biologists 

Identifying  failures  



Refined	TB	surveillance	program	2019-21		



Speed in cluster identification 
to allow intervention 

2 Filling	gaps	

Refined	TB	surveillance	program	2019-21		



Speed in cluster identification 
to allow intervention 

2 Filling	gaps	

Refined	TB	surveillance	program	2019-21		

Real-time	
epidemiology	



Precission in cluster 
determination 

3 Filling	gaps	

Refined	TB	surveillance	program	2019-21		



Precission in cluster 
determination 

3 Filling	gaps	

Refined	TB	surveillance	program	2019-21		

163353392722633447783839 
163353392722633447783839 
163353392722633447783839 
163353392722633447783839 
163353392722633447783839 
 

Lack	of	
precission	

Identical VNTRs 
Year	 Country	

2007	 Morocco	

2010	 Morocco	

2011	 Morocco	

2011	 Morocco	

2014	 Morocco	

2015	 Morocco	



Clusters	enriched	in	migrants	of	a	specific	country	

Recent	
transmission	
after	arrival	

Independent	
importations	of	

prevalent	strains	in	
country	of	origin	

Identical VNTRs 

Year	 Country	

2007	 Morocco	

2010	 Morocco	

2011	 Morocco	

2011	 Morocco	

2014	 Morocco	

2015	 Morocco	



Cluster(113(

Identical 
VNTRs 

Spain 

Mali 

Morocco 

Spain Spain 

Morocco 

Morocco 

Morocco 

Morocco	cluster	



Morocco	cluster	

Cluster(113(

Spain 

Mali 

Morocco 

Spain Spain 

Morocco 

Morocco 

Morocco 

0	SNPs	

Recent	
transmission	

Imported	

Imported	

Imported	

Identical 
VNTRs 

Epi-links	



Whole	Genome	Sequencing	

NO	
Epi-link	

NO	link	
ACCEPTED	
(No	recent	

transmission)	

Year	 Country	

2018	 Morocco	

2018	 Morocco	

2019	 Morocco	

VNTR 



Whole	Genome	Sequencing	

Epi-link	MUST	
exist	

NO	
Epi-link	

Year	 Country	

2018	 Morocco	

2018	 Morocco	

2019	 Morocco	

VNTR 

Refined	epidemiological	
survey	



  
Standardized interviews of 
the clustered cases without 

epidemiological links 

Op&mizando	la	inves&gación	epidemiológica	



Op&mizando	la	inves&gación	epidemiológica	



Almería Almería 

4 Filling	gaps	

Advanced	global	surveillance	of	TB	transmission	2019-21		

Transborder analysis 



Centre National de l'Energie, des 
Sciences et des  
Techniques Nucléaires (CNESTEN) 

Strain	113	Circula&ng	in	Morocco	

11 positive cases 
 
  

110 isolates analyzed 

TRAP	



21
43

 

Spain 

Mali 

Morocco Spain Spain 

Morocco 

Morocco 

Morocco 

Spain 

Nigeria 21
43

 

Morocco 

Morocco 

Morocco 

Rabat	

Rabat	

Rabat	

Advanced	global	surveillance	of	TB	transmission	2019-21		
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