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Abordando la vigilancia transnacional
de transmision de tuberculosis
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Investigacion epidemioldgica
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Standard Molecular epidemiology Sistematic
universal

| Cluster 1

MIRU-VNTR
A [

e 335222759811632 - _
164872295586344 Recent transmission chains

773334992261735
L L] 613432392835948

AL UL | 72263739999540
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Concordancia entre clusters y vinculos epidemiolégicos
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Genomic epidemiology

WGS

sscam:

14m0%0

"2000.000

JCCGCTCAGCGOCCAGGGCAT CGAAGAACAMGCCCAGG = CCAGGGT GGCTCGGGECGECCC ACACCARCCGGCCGCT GT CGT GATCGACGAC = CGT CAGGT AL
(CCGCTCAGCGCCCAGGGCAT CGAAGALCAAGCCCAGGGT GG = AGGET GGCTCGGGELGELCC ACACCAMCCAGCOGCTGT CGT GAT CGAC GACCACC GTCA =24
(CCGCTCAGCGOCCAGGGCAT CGAAGAACAMGCCCAGGGT GECT = AGGGT GGCTCGEGGLGECCC ACACCALCCAGCCGCTGTOGT GATCGACGACCACCGTCA = AL
(CCGCT CAGC GCCCAGGGCAT CGAAGALAC ALGCCCAGGGT GGCT CGEEECG = CGEGGCGECCC ACACCAACCAGCOGCTGTCGT GAT CGAC GACCACCGT CAGGT A(

WCCGCT CAGC GCCCAGGGCAT CGAAGAACAAGCCC AGGGT GGCT CGGEEETE = CGGGGCGGLCC ACACCALCCGGCOGCTGTCGT GAT CGACGAC = GTCAGGT AL

(CCGCT CAGC GCCCAGGGCAT CGAAGAACAAGCCCAGGGT GGCT CGGGGCGGCCCACACCAAMCC = CCGCTGT CGT GAT CGACGACCACCGT CAGGT Al

(CCGCT CAGC GCCCAGGGCAT CGAAGAACAAGCCCAGGGT GGLT CGGEECGGCCT = GCGECCCACACCALCCAGCCGCT GT OGT GATCGACGACCACC GT CAGGT A«

(CCGCT CAGC GCCCAGGGCAT CGAAGAACAAGCCCAGGGT GGCT CGGGGCGGCCCACACCAMCC = CTGTCGT GATCGACGACCACCGT CAGGT M

(CCGCT CAGCGCCCAGGGC AT CGAAGALCALGCCCAGGGT GEGLTCG = GGT GGCTCGGGGLGELCC ACACCALCCAGCOGCTGTCGT GAT CGACGACCACCGTC = A

WCCGCT CAGC GCCCAGGGCAT CGAAGAACAAGCCCAGGGT GGCT CGGGGCGGCCCACACCAAC = GCCGCT GT CGT GAT CGAC GACCACCGT CAGGT AL

(CCGCT CAGC GCCCAGGGCAT CGAAGANCAAGCCCAGGGT GGCT CGGGGCGGCCCAC = GCCGCTGT CGT GAT CGACGACCACCGT CAGGT A(
= GCTCAGC GCCCAGGGCAT CGAAGALC AAGCCCAGGGT GGCT CGGGGCGECCCACACCALCT =GTCGT GATCGACGACCACCGT CAGGT A«

= TCAGCGCCCAGGGCAT CGAAGAACALGCOCAGGGT GGCT CGGGGCGECCCACACCAMCC =GTCGT GATCGACGACCACCGT CAGGT A

i = CAGC GCCCAGGGCAT CGAAGALCALGCCCAGGGT GGCT CGGGGCGGCCCACACCAACC = AT CGAJC GACCACCGT CAGGT A«

C = GCCCAGGGCAT CGAAGAACALGCCCAGGGT GGCT OGGGGCGGCCCACACCAMCC = GACGACCACCGT CAGGT A«

CCGCTC = GGCAT CGAAGALCALGCCCAGGGT GGCT CGGGGOGGCCC ACACCAACC = GACGACCACCGT CAGGT A«

WCCGCTCA = GGCAT CGAAGAACAAGCCCAGGGT GGCT CGGGGOGGCCCACACCALCCAGCCG = GACCACCGT CAGGT AL

WCCGCTCA = CATCGAAGAAMCALGCCCAGGGT GGCT CGGGGOGGCCCACACCALCCAGCCGC = ACCGTCAGGT A«

WCCECTCAGC = CATCGAAGALCAAGCCCAGGGT GGCT CGGGGOGGCCCACACCALCCGGLCGCTGTC = AGGT A¢

WCCGCTCAGC = GAAGAACALGCCCAGGGT GGCT CGGGGOGGCCCACACCALCCAGCCGC bl

WCCECTCAGCGCCCA, = GAAGAACALGCCCAGGGT GGCT CGGGGOGGCCCACACCAACCGGLCGCTGTCG

‘CCECTCAGCGCCCAG = ALAGAACAAGCCCAGGGT GGCT CGGGGOGGCCCACACCALCCGGCCGCTGTCG

WCCGCTCAGCGCCCAGG ; CGGGGOGGCCCACACCALCCGGCCGCT GTCGT GATCGA,

(CCECTCAGCGCCCAGGGC CGGGGOGGCCCACACCALCCGGCCGCTGTC

WCCGCTCAGCGLCCAGGGET CGGGGOGGCCCACACC AL CCAGCCGCTGTCGT GATCG

WCCGECTCAGCGCC CGGGGCGGCCCACACCAACCGGCCGCTGTCGT GATC

CCGCTCAGCGLCCAGE CGGGGCGECCCACACCAACCAGCCGCTGTCG

CCGCTCAGCGCCCAGGGCAT = AAGAACAAGCCCAGGGT GGCT CGGGGCGGCCCACACCAACCGGCCGCT GTCGT GAT

CCGCTCAGC GCCCAGGGCAT CGAAGALCALGT = CCAGGET GGCT CGGGELGELCC ACACCAACCGGOOGCT GT CGT GAT CGACGACC

CCGCTCAGC GCCCAGGGCAT CGAAGAACAMGT = CCAGBGT GGCTCGGEGECGECCC ACACCAACCAGCCGCT GT CGT GAT CGACGACC

'CCGCTCAGCGCCCAGGGCAT CGAAGAACALGCCCAGGGTG AOGGT GGCT CGGGGCGGCCC ACAOCMOGI\OOOGCT GTCGT GATCGACGACCACC
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Genomic epidemiology in TB

Whole Genome Sequencing

SNPs similarity thresholds to define clusters

Lancet ID, Nov 2012

Whole-genome sequencing to delineate Mycobacterium
tuberculosis outbreaks: a retrospective observational study

Timothy M Walker*, CamillaL Cip*, Ruth H Harrell*, Jason T Evans, GeorgiaKapatai, Martin | Dedicoat, David W Eyre, Daniel ] Wilson,
Peter M Hawkey, Derrick W Crook, Julian Parkhill, David Harris, A Sarah Walker, Rory Bowden, PhilipMonk!, E Grace Smitht, TimE A Petoi
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TB is a Global Issue




TB is a Global Issue

Moving on to Surveying complete migratory axis




ERANet / LAC S ROGRAMME
An ERA-NET financed by FP7
Project acronym: TRANS-TB-TRANS

Project full title:

A novel transnational strategy to control high-risk tuberculosis transmission events

FRANCIA




42000

— m_.\w g,
. W W i Sy,
& \ %,

i Iv'{
A\ I '; /,
/

a0
L

TB is a Global Issue

#FIG.33
Estimated TB incidence rates, 2015
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Our proposal
1

Strain Specific
SNPs



Targeted Regional Alelle-specific PCR (TRAP)

| Strain-specific PCRs |

Targeted Strain —FPSics S e
gene other G
than B €—— 171bp >
Rv0102 —
i 4 <Rl
Strain B T
— ——~>~— No amplification —4++
Strain — PS2 C> <—R2
Targeted other G
gene than F €«———— 334 Dbp >
Rv2839 —
%(‘7 ¢ R2
Strain F A
- —++777 No amplification—+++++7+7




IDENTIFICACION DE CLUSTERS

ACTIVOS NO CONTROLADQOS

15 anos Epidemiologia
Molecular

PACIENTE ID latitud longit
706 36,846848 2,43903

166 36847622 -2,431083

176 36848117 2431711

1027 36848954 -2,450219

1027 36849664 -2,452502

291 36853268 -2,440572

620 36930058 -2,450445

362 36998741 -1,891973

601 37330388 -2,435772

1123 37331108 -2,304269

v 1086 37347682 -2,440023
POMIENTE 700 37354519 -2,207269

ALMERIENSE
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CLUSTER B
Patient Year of Origin Place
diagnosis
1 2003 Spain Roguetas
2 2005 Spain Roguetas
3 2005 Spain Almeria
A 2006 Spain Roquetas
5 2007 Spain Roquetas
Region de 6 2007 Senegal El Ejido
Murcia 7 2008 Spain Roquetas
8 2008 Ghana Roguetas
S 2008 Nigeria Roqguetas
10 2011 Spain Roguetas
11 2011 Spain Roquetas
12 2011 Spain Roquetas
| 13 2011 Morocco Roguetas
' 14 2011 Spain Roquetas
s [0 s am g R
R\‘/‘;‘)“““qu-mma e pp——— ‘atient Year of diagnosis Origin Place
O . B 15 2007 Spain Roguetas
- oo ot s 16 2007 Spain Rogquetas
| o —— = 17 2007 Gambia Vicar
.o = 18 2008 Argentina | Huercal-Overa
s f““" = 19 2008 Spain Roguetas
= L No ameincation—r7r7rrr— 20 2008 Rumania Roquetas
TRAP 21 2012 Spain Vicar
22 2012 Spain Roquetas




Moving on to Surveying complete migratory axis

Latin-America/Mediterranean-Europe
Migratory Axis
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An ERA-NET financed by FP7
Project acronym: TRANS-TB-TRANS

Project full title:

A novel transnational strategy to control high-risk tuberculosis transmission events
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Population selected

One of the poorest districts

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

#5. JOSE CAMLOS MARATECULY ETAM

€5 5U SANTIOAD JUAN PRELO If _ Py ©.5 ENFIGLE MONTENEGRO
B S CESAR WALLEJO
P ¢ scauz ox woTure MK Pledrd Liza MR San Fernando
e 2 : C.S Piedra Liza

csnu : — = e cacers o (‘l;:"a :;e ll\ L o8 S Fads MR Ganimedes

" Z o e R A C.S San Hilarion C.S Ganimedes

LA 5 TOPAG AMAY C.S Chacarilla de Otero N R N o

.5 s A P.S Ascarrunz Alto &5 SantaRosa, G5 Hugsxar i
C.8 GANMEDES—__ T C.S Zarate C.S La Libertad C.S Hudscar XV
R B &8 Marootiaisa C.S La Huayrona P.S Medalla Milagrosa
g ——— .5 SAGRADA FAMILIA C.S Cam;g)oy C.S Santa Fé de Totorlta P.S Ayacucho
.5 SAN HILARION. ¥ T C.5 LA HUAYRONA P.S Daniel A. Carrion P.S 15 de Encro
€8 SANTA ROSA
MR Jaime Zubicta MR Jose Carlos Maridtegui
315 DE ENEBO. ” s C.S Jose Carlos Mariategui
€5 CHACARILLA DE OTER > gg gaault‘a’;ubmta C.S Cruz de Motupe
MR PIEDRA LIZA g — C-S s Y : C.S 10 de OCtubre
“ .S Santa Maria CsJ Pablo Il
i ~ P.S Tapac Amaru Il I J““"c“ k;’ H—
CSPIEDRALZA R SRS SEPs ohwecss P.S Proyectos Especiales P'S n,::sc;'c;ce;s tegul tapa
P.S Sagrada Familia PS César Vallejo

2014/15 60 MDR isolates
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High prevalence of clustered
tuberculosis cases in Peruvian
migrants in Florence, Italy

Lorenzo Zammarchi,' Enrico Tortoli,?
Emanuele Borroni,? Filippo Bartalesi,?
Marianne Strohmeyer,’

Simonetta Baretti,*

Maria Tullia Simonetti,> Carola Liendo,®
Maria Grazia Santini,*

Gian Maria Rossolini,” Eduardo Gotuzzo,®
Alessandro Bartoloni,'?

COHEMI project study group

MDR cluster involving
11 Peruvian migrants in
Florence

Cluster name

Regions of Italy

&

LG — b =l
swnzzRLAuws TRIA

w) <Mitan e
3?‘\,_ - Turin Ravenna WVenis
{ Genoca,

ALG. < TumisIa

&
=2z Trieste. SLO.

® 7S
Bologne ¥ %!}\

. SAN

~N
o La Spezih - D i e HERZ.
. Livormo™ « B
~aomaco M . Florence AN AR
L~ . B (V
SFeres % vaTiCKN gT OME Yo .
FPoro £ X Gaota _Barl ALES.
Torrer. \ . Napleos P
| Sardinim <
Oristano* )
f Tyrrirereiiaer
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NG favt i darian
Mec hfgrlnnn.-ur . Palermba ) Sea
i > Catania '3“'°
Sicity < di Calabria

Augusta®
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o 100 i

City of isolation

Country of origin

Year of isolation

C8-LPMDR

Florence
Milan
Florence
Milan

Florence
Florence

Florence
Florence
Florence
Florence
Florence

Latin America
Peru
Peru

Latin America

Latin America
Italia

Albania
Peru
Latin America
Latin America
Peru

2007
2009
2010
2011

2012
2013

2013
2013
2014
2014
2016

MIRU-VNTR: 134224242224126153312822



Integrated analysis Peru-Italy

MIRU-VNTR: 134224242224126153312822

Perl:I |ta|y




Integrated analysis Peru-Italy

MIRU-VNTR: 134224242224126153312822

.| 134224242224126153312822
| 134224242224126153312822
_L | 134224242224126153312822

134224242224126153312822
134224242224126153312822

‘ ‘ 134224242224126153312822

« 134224242224126153312822
» 134224242224126153312822

‘1 34224242224126153312822

‘ 134224242224126153312822
134224242224126153312822
134224242224126153312822

134224242224126153312822
134224242224126153312822
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SHARED strain-specific test

Primer name Sequence (5'---3') PCR product size (pb) PCR product in:
Rv2386Fm CGACGGAGTGGTGATCACT _
Rv2386R CATCCGCCGAAAGCATCAC 400 EABERA DS RS
RV3631F ACTGCACCGGGCGTATTC 280 NO-LAM-MDR
Rv3631Rw GCTTCGTTGAAGGCGGGA strain
RV1617Fm GGGACGACCTGGTCAGC .
RV1617R AGGCGAAGCGTCCCAAC ne LAMEMBR strain
RV3579Fw ATACGTCGCCCTTGGTACC & NO-LAM-MDR
Rv3579R TCGGCACGTAGCAGCTC strain

designed by @ froopi.com
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MRCA

800bp
500bp

400bp

3000

2000p

100bp

5
2
2

NYTON

Florence
1
m-108 | mss
L FL211 —
1318 |—O 17-101
FL84 =
&) | -85 |
ot
I7-481
| TRAP

l R"Madrid
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MACAR 2 independent
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Focus on the origin

Focus on the ORIGIN




Peru San Juan de Lurigancho
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-a Frwlar indicacicnes a i teléfono g Jlgza,M,ayor.qe_:_“uma
A San Juan de
=  por Auxiliar Panamericana 38 min Bellavista 253km

B ™ Lurigancho

Nte./Panamericana Nte./Carretera IN .| Piaya Mar
i LaPunta. Brava
a rutz mas rapida danido al estadn de) La Perla '
‘ San Migte
.
Costa Verde e Briado €20 S /1 p rl S O n
v Javi
DETALLES San Isidro San Borja
- X Miraflores Ovalo Moriterfico

g por Auxiliar Panamericana 3% min Higuereta —

Nte./Panamericana Nte./Carretera TN 5, A o ~

y Av. Perd s LarconGovigle @
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Prison agreement Peru-Spain

| 2016 | Prevalent strain

MDR-TB

) 335222759811632833114625 '
Alallke | ’ 335222759811632833114625 o 1
prison 2017 Y018
— 335202759811632833114625 %
MPRTE ) e MDR-TB ®

L y'8 l 2005 l

El Callao
prison



l 2016 |

335222759811632833114625

2/11

MDR in
(of-]] F-To)
prison




Moving on to Surveying complete migratory axis
- Latin-America/Mediterranean-Europe
g Migratory AXis
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Identifying failures

STANDARD SURVEILLANCE

. 4

REFINED SURVEILLANCE PROGRAM




Refined TB surveillance program 2019-21

Almeria

O Autdctonos
Migrants
o Lo « Autochtho

52 54 | 52 |_|i‘ . nous

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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e
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Refined TB surveillance program 2019-21

— Integrating
Identifying failures 1 epidemiologist and
molecular biologists

Epidemiologist

METROPOLITANA
POMIENTE DE ALMERIA
ALMERIENSE




Refined TB surveillance program 2019-21

Hograital de Ponlente

/ ™~ : ORATORIOS CLINICOS
N  5¢7voo Andaluz de Saud Area Lab. Clinicos Provinciales - Almeria
SEpteieny CONSEJERIA DE SALUD
Pacenie
Centro: " 2 HOSP. EL ENDO NORSAT ANT3I0491818
Sarvicio; PON - Urgencias Saxo: M Nacido el: 27011643
Doctor: JIMENEZ PORTILLO, GUILLERMO Hab'Cama:
Diagnéstico: DIAGNOSTICO Fecha soiicitud:  9/11/18 20:48:59
Focha recepcién: 9/11/18 213556
Fecha entrega:  11/1118 145423
Comentarios:

Copa ce Latoruono

LABORATORIO MICROBIOLOGIA

MICROBIOLOGIA (Cultivo y microscopia)

Cultivo esputo
Tincion de Gram >25 leucocitos/campo x 100 y »10 células ice g
epitelialesicampo x 100 ALlERlENSE
Cultivo general D de microb gional
Informe Final

Esputo 1 : Micobacterias
Bactoscopia muesira no concentrada (T. de auramina) <1 BAAR/campo (100x) MPG
Bacloscopsa concentrada (T. de auramina) ML

Genatipo (MIRLU-24)

po en cluster (N:8)
Caso 2463

Rod Alorta 939612
Cluster 493-1 (N.8)
MIRU1I5:253423232433337
MIRU24:2131322534232 32 33337?23
M15 19067 M 36 Marruecas 2006 EI -Las Novias
M15 25183 M 44 Marryecos 2006 E! ldafda-!.as Norias

Las Novi
M24 910261 M 57 Guinea Ec. 2017 La Mojonera
M24 915745 M 23 Marryecos 2017 E1 Ejido-S M dsl

524 925993 M 49 Espania 2018 etas De Mar
M24 937373 M 26 Mauritania 2018 Roquetas Do Mar,
4 939612 M 25 Marrvecos 2018 Vicar-Gan

Cuttivo de Micobacterias PEND
Informe Parcial




Refined TB surveillance program 2019-21
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@ | Speed in cluster identification

2 Filling gaps
o ~ to allow intervention




Refined TB surveillance program 2019-21

2 Filling gaps

JCM

Real-Time Molecular Epidemiology of Tuberculosis by Direct
Genotyping of Smear-Positive Clinical Specimens

Marfa Alonso,*™< Marta Herranz,*"< Miguel Martinez Lirola® on behalf of the INDAL-TB Group, Milagros Gonzélez-Rivera, >
Emilio Bouza,*®* and Darfo Garcla de Viedma®®~<

Real-time

epidemiology

Speed in cluster identification
to allow intervention

. UGC LABORATORIOS CLINICOS
@  5<voo Andalz de Saud Area Lab. Clinicos Provinciales - Almeria
T ] CONSEJERIA DE SALUD

Pacente

Centro.

Sarvicio:  PON - Urgencias S0, M Nacido aI: | 2701716543

Docter: JMENEZ PORTILLO, GUILLERMO Hab/Cama:

Diagndstico: DIAGNGSTICO Facha soicilud: 91118 20:48:59
Focha recepcidn. 91118 213556
Fecha entrega: 111118 145423

Comentarios:

Copa ce Latoraono

LABORATORIO MICROBIOLOGIA

MICROBIOLOGIA (Cultivo y microscopia)

Cultivo esputo
Tincion d& Gram >25 leucocitos/campo x 100 y >10 celulas ica8
epiteliales/campo x 100
Cultivo general D de b g
Informe Final

Esputo 1 : Micobacterias
Bactoscopia muesira no concentrada (T. de auramina) <1 BAAR’umpo (lwx) MPG
Bacioscopia concentrada (T. de auramina) X 5trd Z
Genatipo (MIFL-24)

Genolipo en cluster (N:8)
Caso 2463

Rod Alorta 939612
Clus!e/dnrwa
MIRU15: 253423232 333
MIRU24:213 1 32 53 3232 33337?23
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M24 91006! M 57 Guinea Ec. 2077LaM:)pn
M2491 45 M 29 Marmsecos 2017 E1 Ejido-S M de!

24 928993 M 49 Espana 2018 Ro%'e'as De Msr
o4 937373 M?GM:unmnm 20’ :
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3 Filling gaps Precission in cluster
determination
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Clusters enriched in migrants of a specific country
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Optimizando la investigacion epidemioldgica

Standardized interviews of
the clustered cases without
epidemiological links

Ospina ef al. BMC Public Mealth 2012, 12158

hupd/www. blomedeentssloom /1 471-2458/12/158
el BMC

Public Health

RESEARCH ARTICLE Open Access

Community health workers improve contact
tracing among immigrants with tuberculosis
in Barcelona

Jests Edison Ospina'”, Angels Orcau', Juan-Pablo Millet’*, Francesca Sanchez’, Mat Casak™** and
Joan A Cayla'?




Optimizando la investigacion epidemioldgica

RFLP RFELP Type Type of cluster Countries of origin (No. of cases) SEI| YeenContacTBH Epidemiologic links
Cluster imterview
029 UL ] [Immigram Moroceo (3), Romania (1) No Yes Mcf'h",l ab@MI
sharing of housing
0038 1 | Immigrant Moroceo (6) No Yes Drug abuse; hashish
280 (L Immigram Morocco (6) No Yes haring of housing
028 1 Mixed Morocco (2), Spain (4) Ecuador (1) | No No Unknown
074 B Mixed Romania (3), Spain (2)Mali (1) | Neo Yes
217 R Mixed Romania (3), Spain (2), Bolivia(1) | No Yes | Sporadic FRarmg of housing
099 .| Mixed Spain (4), Ghana (1) No Yes Home. Health-care centre
01s [ LI Mixed Spain (3), Ukraine (1) No Yes Friends. Drug abuse: hashish
069 L A Mixed Morocco (3), Spain (1) No Yes Nclgl\}x)
sharing ol iousINg
006 [ |l || Autochthonous Spain (5) Yes Yes Family
044 1L | Autochthonous Spain (4) Yes Yes Family
181 [ 11 Autochthonous Spain (4) No Np Unknown

Advanced Survey of Tuberculosis Transmission
in a Complex Socioepidemiologic Scenario

with a High Proportion of Cases in Immigrants
Miguel Martinez-Lirola,* Noelia Alonso-Rodriguez,”* M. Luisa Sanchez® Marta Herranz,'* Sandra Andrés,'?

Teresa Peiiafiel* M. Cruz Rogado,* Teresa Cabezas.* Juan Martinez® M. Angeles Lucerna,' Manuel Rodriguez,’
Magdalena del Carmen Bonillo,* Emilio Bouza,'? and Dario Garcia de Viedma'
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4 Filling gaps Transborder analysis

Imported



Strain 113 Circulating in Morocco

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

-
N
N
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110 isolates analyzed

11 positive cases
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