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The old example of Portugal

Always present with TB
Incidence greater than
300/100.000 in 1900!!!

Dona Amelia, Ex-Empress of Brazil, ordered the
construction, in 1853, a hospital-sanatorium, in
memory of his daughter, Princess D. Maria Amelia,

who died the same year in the city of Funchal :
Dona Amélia Augusta Eugénia Napoleona de

Beauharnais, founder of the 1st Hospital-Sanatorium

phthisis, "to what is believed”, infected by his father, Princesa D. Maria Amélia (Funchal)

D. Pedro IV (Pedro | of Brazil), also killed by the
disease. In 1862, the Hospital Princess D. Maria

(Madeira islands), with 22-year-old mowed by

Amelia, "intended to treat patients affected with
consumption, and other chronic lung diseases, which

may still have hope of improvement™ received their

first patients.

http://www.saudepublica.web.pt/TrabFrada/TBsecXX_JFrada.htm
Da A.N.T. ao S.L.A.T.: historia sumaria de uma instituicdo (1899-1979), Lisboa, 1979, p.7


//upload.wikimedia.org/wikipedia/commons/d/d0/Hospicio_d._princesa_maria_amelia.jpg
//upload.wikimedia.org/wikipedia/commons/b/b1/Maria_Amalia.jpg
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\ The old example of Portugal

Incidence higher than 300/100.000 in
1900 reduced to 250/100.000 in 1940
with basic hygiene measures!!! e
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http://www.saudepublica.web.pt/TrabFrada/TBsecXX_JFrada.htm
Da AN.T. ao S.L.A.T.: histdria suméria de uma instituicdo (1899-1979), Lisboa, 1979, p.7
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Tuberculosis, "consumption " or pthisis —
CAN BE CURED WITH APPROPRIATE TREATMENT

Discovery of drugs for tuberculosis

1952 1955 1960 1963
Isoniazid Cycloserine Ethionamide Capreomycin
1954 1957 1961 1996 2005
1943 Pyrazinamide Kanamycin . 1982 Moxifloxacin TMC-207
Streptomycin Ofloxacin 1992 2000
1951 Gatiﬂ()xacin PA- 824
Thiacet
;228 llacetazone ’12363 3 2006
ifampicin OPC- 6/683
T T @ - »
1940 1960 T 1970 T 1980 1990 2000 2010 ;
1960s 2010s
Aminosalicylic acid replaced with ethambutol: Potential new regimen
— streptomycin, isoniazid, and ethambutol 2-4 months, oral treatment?
18 months of treatment
1952 1980s
First regimen: streptomycin, aminosalicylic acid, Streptomycin replaced with pyrazinamide:
and isoniazid isoniazid, rifampicin, pyrazinamide, ethambutol
24 months of treatment 6-8 months, oral treatment
1946 1970s
First randomised trial: streptomycin monotherapy Addition of rifampicin: streptomycin, isoniazid,
led to streptomycin resistance rifampicin and ethambutol

§-12 months of treatment

Development of regimens

Zhenkun Ma, Christian Lienhardt, Helen Mcllleron, Andrew J Nunn, Xiexiu Wang. (2010) Global tuberculosis drug development pipeline: the need and the
reality. The Lancet, Volume 375, Issue 9731, Pages 2100-2109
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! The old example of Portugal l

Incidence of TB in Portugal (>300/100.000) in 1900!
1945 antibioterapy associated with the maintenance of the
National Assistance Against Tuberculosis (SLAT)
Incidence of TB in Portugal (80/100.000) in 1970
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Fig 1. Casos novos de tuberculose por 100 mil habitantes de 1960 a 1999

http://www.saudepublica.web.pt/TrabFrada/TBsecXX_JFrada.htm
Da AN.T. ao S.L.A.T.: hist6ria sumaria de uma instituicdo (1899-1979), Lisboa, 1979, p.7
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r:\/ But beyond B tuberculose
' there was now a new problem!!! estd a ser

frlmmado

MDR-TB above 35% in 1997-2000 in LisboaflT
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The example of Portugal - TB-Task Force for

#BZ N FUNDACAO )
" — A CALOUSTE Lisbon (2003, 2005, 2009)
wivicna s  GULBENKIAN

TROPICAL

TROPICAL
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Trends in Drug Resistance Rates

No. of isolates (%)

Any Resistance Rate: 22.3 — 26.0% Resistance
2001 2002 2003 2004 2005 2006
MDR-TB Rate: 99 _ 153% Total 283 741 667 547 442 345
Resistant? 63 (22.3) 193 (26.0) 164 (24,6) 123 (22.5) 111(25.1) 77(22.3)
XDR-TB Rate: 44.3 _ 73.6% MDR-TBP 40 (14.1) 81 (10.9) 82 (12.3) 57 (10.4) 67 (15.3) 34 (9.9)
XDR-TB¢ 18 (52.9) 35 (44.3) 47 (57.3) 37 (66.1) 34(50.7) 14 (73.6)

MDR-TB isolates resistant to all first-line drugs show a steady increase between 2001-2006 -> 25.9 — 52.9%

The proportion of M/XDR-TB does not follow the decreasing trend of the total number of cases 11??
ON THE CONTRARY THEY INCREASED STEADILY
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The example of Portugal
(2003, 2005, 2009)

TB-Task Force for Lisbon

FUNDACAO
CALOUSTE
GULBENKIAN

2003

n = 360 samples

JournaL oF CLNicaL MICROBIOLOGY, Sept. 2005, p. 48804884 Vol. 43, No. 9
0095-1137/05/608.00+0  doi:10.1128/JCM.43.9.48580-4884.2005

Copyright @ 2005, American Society for Microbiology. All Rights Reserved.

Direct Application of the INNO-LiPA Rif.TB Line-Probe Assay for
Rapid Identification of Mycobacterium tuberculosis Complex Strains
and Detection of Rifampin Resistance in 360 Smear-Positive
Respiratory Specimens from an Area of High Incidence of
Multidrug-Resistant Tuberculosis

Miguel Viveiros,' Clan Leandro,! Liliana Rodrlgues Josefina Almeida,! Rosirio Bettencourt,!
Isabel Couto,"” Lurdes (arrllho Jose Dlogo Ana Fonseca,” Luis Lito, Joao Lopes,
Teresa Pacheco® Mariana Pessanha Judite Quirim, io Luisa Sancho,"
Max Salfinger,'? and Leonard Amaral'*

Unidade de Micobacterias, UPMM, Instituto de Higiene e Medicina Tropical, Universidade Nova de Lisboa, Lisboa, Portugal';
Ceniro de Recursos Microbioldgicos (CREM), Faculdade de Ciéncias e Tecnologia, Universidade Nova de Lisboa, Lisboa,
Pormgaiz; Laboratorio de Micobacterias, Hospital Pulido Valente, Lisboa, Poﬁugm’]; Laboratorio de Microbiologia,
Hospital Garcia da Orta, Lisboa, Portugal®; Laboratorio de Microbiologia, Hospital Condes de Castro Guimardes,
Cascais, Portugal’; Laboratorio de Microbiologia, Hospital de Santa Maria, Lisboa, Portugal®; Laboratorio de
Microbiologia, Hospital de Nossa Senhora do Rosdrio, Barreiro, Portugal’; Laboratorio de Microbiologia,
Hospital Egas Moniz, Lzsboa Portugal®; Laboratorio de Microbiologia, Hospital Sie Francisco
Xavier, LleCNI Pon‘ugn] Labﬂm!orxo de Microbiologia, Hospital de Siao Bernardo, Setithal,

Portugal'’; Laboratorio de Microbiologia, Hospital Fernando da Fonseca, Amadora-Sinma,

Por{ugﬂl it ; and Clinical x"fwobnderfo.’agy Laboratory, Wadsworth Center, New York State
Department of Health, Albany, New York 12208
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Molecular tools for rapid
identification and novel
effective therapy against
MDRTB/XDRTB infections

Expert Rev. Anti infect. Ther. 8(4), 465-480 (2010)

Tuberculosis (TB) is mainly an intracellular infection of the lung alveolar macrophages, and any
anti-TB agent must therefore be active at the macrophage. Among the available therapies,
isoniazid and rifampicin are the most effective drugs against susceptible Mycobacterium
tuberculosis, but they are ineffective against multidrug-resistant TB (MDRTB) strains. Rates of
MDRTB in Portugal are the highest in Western Europe, demanding effective measures for their
control. Our application of molecular techniques for the early identification of MDRTB assisted
in the reduction of these rates. Further examination revealed that a large number of MDRTB
cases were extensively-drug resistant (XDRTB), providing evidence for the urgent need of new
and effective anti-MDRTB/XDRTB therapeutic strategies. This review describes in detail: the
characteristics of the main M. tuberculosis strains circulating in Portugal; the creation of a Task
Force for TB control, based on molecular tools that allow 1-day identification of an MDRTB
patient; the usefulness of evaluating the ex vivo activity of anti-tubercular agents against the
M. tuberculosis isolated from the patient’s sputum; and the mode of action by which
phencthiazines have been shown to promote the killing of intracellular MDRTB/XDRTB by
nonkilling macrophages.

Keyworps: macrophages ® MDRTB * multidrug resistance ® phenothiazines « tuberculosis » XDRTB

2005

n = 630 samples
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Outbreak of multiple drug-resistant tuberculosis in Lisbon:
detection by restriction fragment length polymorphism analysis

I. Portugal,* M. J. Covas,t* L. Brum,§ M. Viveiros,*s P. Ferrinho,* J. Moniz-Pereira,* H. David*

*Departamento de Microbiologia, Faculdade de Farmacia de Universidade de Lisboa, tTUnidade de Sistemas de Saude,
*Centro de Malaria e Doengas Tropicais, e SDepartamento de Microbiologia, Instituto de Higiene e Medicina Tropical,

Universidade Nova de Lisboa, Portugal
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Figure Dendrogram based on cornputer-assisted cornparison
of DNA fingerprints from 43 MDR-TB strains isolated in Lisbon,
Portugal. The clustered strains are termed clusters A (subcluster
A1, A2 and A3), B and C.

Table 6 Patients’ trajectory across health institutions

1994 1995 1996 1997
Case JFMAMIJ JASONDIJFMAMI) JASOND)J FMAM) JASONDJFMAMI) JASON
AAAAAAAAAAAA

1

2 BBEB

3 C M F MMM CMM

4 CMMMMMM CMMCC

5 BB GMMN
& AA AA

7 CCMM

8 AAAAA

9 111l

10 AAA AAA
11 BBEEMM

12 FF FMMMMM MMM

13 A AAAAAA

14 AA AAA AAAAAAA
15 AAA

16 FFELL

17 AAA AAAAA

18 BMMM BB

19 AA

20 MMMC CMMM

21 AAAAAA
22 DDD D MM
23 AAA

24 AAA A AAAAA

25 AAA AAAAAAAA A A
26 AAAAAAAAA
27 Q

Letters A-D, F, G, J and L indicate hospital units where strains were obtained. M and N indicate additional hospital units where patients
were hospitalised. Letter 'O” indicates an out-patient.
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Multiplex 1 MIRU-VNTR
<

M. tuberculosis e s oo
Chromosome mycobacterial interspersed repetitive

Strain X units - (MIRUV)

variable number of tandem repeats
(VNTR)

Multiplex 2

MIRU-VNTR genotyping

Multiplex x

' B> | VNTR Locus
Repeat number N / \ 4

)

4

PCR product size (pb) =a +b+ N x ¢

http://www.miru-vntrplus.ora/MIRU/index.faces N= suze -(a+b)
c
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Drug-Resistance
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No XDR-TB isolate was found to belong to Lisboa3-A cluster.

Perdigéo et al, BMC Genomics 2014
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The more we detect ! — the more we treat! — the more we cure ! — but we also select DR-TB !

Portugal 1990 6214
“*«\I,_K 1995 5 577
IS i — 2000 4227
We have seen this in \__\ 200 s
Portugal ! ~ 2010 2 487
— . 2011 2 406
- 63 23 2012 2 490
Journal of
J Antimicrob Chemother 2013; 68: 27-33 AntlmlcrOblal
doi:10.1093/jac/dks371 Advance Access publication 10 October 2012 Chemotherupy

From multidrug-resistant to extensively drug-resistant tuberculosis in
Lisbon, Portugal: the stepwise mode of resistance acquisition

Jodo Perdigdo?, Rita Macedo2, Carla Silva?, Diana Machado3, Isabel Couto3:4, Miguel Viveiros3,
Luisa Jordao® and Isabel Portugall*

!Centro de Patogénese Molecular, URIA, Faculdade de Farmacia da Universidade de Lisboa, Lisboa, Portugal; Public Health Laboratory:
Mycobacteriology/Tuberculosis, Public Health Department, Administrac@o Regional de Satde de Lisboa e Vale do Tejo, L.P., Lisboa,
Portugal; *Grupo de Micobactérias, Unidade de Microbiologia Médica, Instituto de Higiene e Medicina Tropical, Universidade Nova de
Lisboa (IHMT/UNL), Lisboa, Portugal; “Centro de Recursos Microbioldgicos (CREM), Faculdade de Ciéncias e Tecnologia, Universidade Nova
de Lisboa, Caparica, Portugal; “Departamento de Doencas Infecciosas, Instituto Nacional de Satude Dr. Ricardo Jorge, Lisboa, Portugal

We have reduced TB incidence from 63/10° in 1990 to 19/10° in 2016

We have reduced from 35% MDR in 2000 to less then 1.5% in 2016
In 2016 - 75% MDRs are XDR-TB in Lisbon now are less than 5%

Source: Direccdo Geral de Salde. 2017. Programa Nacional de Luta Contra a Tuberculose (PNT). Ponto da situagdo epidemioldgica e de desempenho ano 2015/2016 , p. 1-
33. DGS, Lisboa, Portugal ; Perdigéo et al J Antimicrob Chemother. 2013 Jan;68(1):27-33; WHO Global Tuberculosis Report, 2016, WHO 2017
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HOW M/X/TDR-TB WAS GENERATED AND CONTROLED IN PORTUGAL?

Home @ Training Clinical | MUR Zone Business OTC Blegs Jobs MyC

SECELEE R BLAME THE TB PATIENT !

Poor compliance blamed for

surge in drug-resistant sugw= TRUE BUT IT’S ONLY ONE PART OF THE
tuberculosis z|s PROBLEM AS WE HAVE SEEN IN PORTUGAL!

Treatment success rate (%)

100
80
Perdigao et al. BMC Genomics 2014, 15:991 -
hittp:/ /www biomedcentral com/1471-2164/15/991 .ﬁ
(CBSEn;Comics 80 hﬁ‘lﬂ -
RESEARCH ARTICLE Open Access 40
. : : . A
Unraveling Mycobacterium tuberculosis genomic 0
diversity and evolution in Lisbon, Portugal, a 2000 2002 2004 2006 2008 2010 2012 2014
highly drug resistant setting
Jodo Perdigao’, Hugo Silva', Diana Machado”, Rita Macedo®, Femando Maltez”, Carla Silva', Luisa Jordac®, New and Elapﬁe
Isabel Couto®®, Kim Mallard”, Francesc Coll’, Grant A Hill-Cawthorne®, Ruth McNerney’, Arnab Pain®, T
Taane G Cltark/. Miguel Viveiros” and lsabel PDrtugt;al" ‘ ’ REtrEﬂtlTlE“t, Ededlng rEIapSE

== HIV-positive MDR/RR-TB ™= XDR-TB

WHO Global Tuberculosis Report, 2016, WHO 2017

Ignorance on the molecular biology of the M. tuberculois infecting strains adds allot to this !!!
Blame also the Health System and Public Health control policies AND THE
INAPROPRIATE/UNADJUSTED 2ND LINE THERAPEUTICS USED FOR THE LOCAL
“M. tuberculosis genetic background”.. - THIS REALITY CHANGED IN PT AFTER 2010
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Examples from Brasil #1 — What is going on with the Brazilian M. tuberculosis
strains and the evolution of M/ XDR-TB?

=FlG.2.2

Countries in the three TB high-burden country lists that will be used by WHO during the period 2016-2020,
and their areas of overlap

Brazil
Population 2015 208 million T B
Rate
Estimates of TB burden*, 2015 Number (thousands) (per 100 000 population) :
Mortality (excludes HIV+TB) 55 (52-59) 27 (25-28) sfi?'é"&?:e
Mo_rtallty {H_IV+TB only) 22 (12-386) 11 (0.56-1.7) Baaglali B
Incidence (includes HIV+TB) 84 (72-97) 41 (35-47) D;i!(?rea Central Aérican Republic*
Incidence (HIV+TB only) 13 (11-15) 63 (5373) Philippines Lesotho®
Incidence (MDR/RR-TB)* ‘ 23(19-28) 11 (0.91-1.3) Azerbiian R"”{?{;f ﬁi‘:,',a""" P&'}ﬁﬂ'; ,,,L;bn',’,'t',f;
Belarus DR Congo UR Tanzania Botswana
Kazakhstan Etlrr“‘doig‘a Zambia® Cameroon
RS Indonesia “Chan
Republic of Moldova Mozambidtie Guinea-Bissau
Treatment success rate (%) Somalia Myanmor Malawi
Ta]lklgtan Nigeria Swaziland
100 Ukraine Papua New Guinea® Uganda
Uzbekistan South Africa
80 Thailand
Zimbabwe®
&0
—— e —
40 MDR-TB TB/HIV

2 J\

0 &= \\/hy?
2000 2002 2004 2006 2008 2010 2012 2014

New and relapse

Retreatment, excluding relapse
== HIV-positive MDR/RR-TB == XDR-TB

DPR Korea, Democratic People's Republic of Korea; DR Congo, Democratic Republic of the Congo; HIV, human immunodeficiency virus; MDR, multidrug

resistant; TB, tuberculosis; UR Tanzania, United Republic of Tanzania; WHO, World Health Organization

* Indicates countries that are included in the list of 30 high-burden countries for TB on the basis of the severity of their TB burden (i.e. TB incidence per 100 00O
population), as opposed to the top 20, which are included on the basis of their absolute number of incident cases per year.
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Examples from Brasil #1 — What is going on with the Brazilian M. tuberculosis
RDRio 2 Known to be very virulent and causing severe disease, is it associated
with M/XDR-TB in Brazil? Does it have particular SNPs for resistance?

; . . . . 5 5012 Jour. Cip M . July 2008, p. 2175-2183 Vol. 46, No. 7
ot s hssonta o s sevcaps T YA NOE o IRE0S0050 o 120CHL D00 o
Copyright © 2008, American Society for Microbiology. All Rights Reserved. Copyright © 2008, American Society for Microbiology. All Rights Reserved.
Application of Sensitive and Specific Molecular Methods To Uncover RDY® Mycobacterium tuberculosis Infection Is Associated with a
Global Dissemination of the Major RD™* Sublineage of the Latin Higher Frequency of Cavitary Pulmonary Disease”
Amerlcan-Medlterra’nean JM}'C(?b{?CIEI'Il{m tuberculosis Luiz Claudio Oliveira Lazzarini,' Silvana Miranda Spindola.* Hecjung Bang.? Andrea L. Gibson.!
Spohgo[ype Fa]nllyvi Scott Weisenberg,' Wania da Silva ('an’a]ho,i Claudio José Augusto,® Richard C. Huard,"’
Afranio L. Kritski,” and John L. Ho"™
Andrea L. Gibson,"t Richard C. Huard,"? Nicolaas C.?ch van Pittius,’ _‘[]Tguiz Claudio Oliveira Lazza.r(i]ni,""’ Division of Intemational Medicine and Inf ;dlll;_ r;s lm d]:( fﬁl/: 1: o Od Division of Biostatisics and Epidemiol
- 5 - - - - - it T . . NVISION o] IRtemationda edicine an Rfectious Liseases, Departiment o) edicine,” an NVISION O] LOSIATISNCS Ak plaemiology,
chgngrfco&tszit%;]ﬁ??ﬁ;;:}agﬁ{?m K_I’leatfr]loi(]'(ej]!:]rel:t'op he Sola, ™ Silvana Miranda Spindola, Department of Public Health,” Weill Medical College of Comell University, New York, New York; Tuberculosis Research Unit,

: £12 B 1
. . L13 S . . 1415 He_lml MardaSSé, Poonam Chlltg]c, Medical School of Federal University of Rio de Janeiro, Rio de Janeiro, Brazil’; Departamento de Clinica Medica/Pneumnologia da
Jessica Brinkworth, -~ Dario Garcia de Vlﬁéjma: -~ Brigitte G};CqUﬁl: Jean W. Pape Faculdade de Medicina, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil*; Faculdade de Farmacia,
Dick van Soolingen,"' Barry N. Kreiswirth,” Robin M. Warren,” Paul D. van Helden,” Universidade Federal de Minas Gerais, Belo Horizonte, Brazif’; Fundacio Ezequiel Dias, Minas Gerais, Belo Horizonte, Brazil’:
Nalin R3510g1,7 Phﬂjp N. Suﬁy3,'6 Jose Lapa e Silva.? and John L. Ho'* and Clinical Microbiology Service and the Depariment of Pathology, New York-Presbyterian Hospital,
: Columbia University Medical Center; New York, New York?

JOM April 2013 Volume 51 Number 4 Journal of Clinical Microbiology  p. 1071-1077
Journaks ASM ang

Mycobacterium tuberculosis of the RD™® Genotype Is the Predominant
Cause of Tuberculosis and Associated with Multidrug Resistance in
Porto Alegre City, South Brazil

Elis Regina Dalla Costa,? Luiz Claudio Oliveira Lazzarini,® Paulo Fernado Perizzolo,? Chyntia Acosta Diaz,° Fernanda S. Spies,?

Lucas Laux Costa,* Andrezza W. Ribeiro,* Caroline Barroco,® Sandra Jungblut Schuh,® Marcia Aparecida da Silva Pereira,”

Claudia F. Dias,® Harrison M. Gomes,” Gisela Unis,® Arnaldo Zaha,’ Pedro E. Almeida da Silva,” Philip N. Suffys,® Maria L. R. Rossetti®?
Fundagao Estadual de Produgao e Pesquisa em Salde (FEPPS), Porto Alegre, Brazil’ Tuberculosis Research Unit, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil®;
Labaratory of Malecular Biolegy Applied to Mycobacteria, Oswaldo Cruz Institute, Fiocruz, Rio de Janeiro, Brazil®; Fundagao Universidade de Rio Grande, Rio Grande,
Brazil®; Hospital Sanatorio Partenon (HSF), Porto Alegre, Brazil®; Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil'; Universidade Luterana do Brazil
[ULBRA/RS), Porto Alegre, Brazl®



INSTITUTO DE HIGIENE E
MEDICINA TROPICAL

UNIVE ADE NOVA DE LISBOA

Unidade de Microbiologia Médica

Global Health and Tropical Medicine

Examples from Brasil #2— What is going on with the most prevalent M.
tuberculosis lineages in Brazil..?
Which ones are associated with M/XDResistance?

Br1 e
March 2011 | Volume 6 | Issue 3 | e18256 | e B2y
@ prog S EAl #— n=11
OPEN @ ACCESS Freely available online “~"PLoS one —A I y
\ , '3 -, BELEM n=72
. . . | LAMII i
The Forest behind the Tree: Phylogenetic Exploration of T
a Dominant Mycobacterium tuberculosis Strain Lineage ' LAMI D> .ot KIBr15a
from a High Tuberculosis Burden Country e : i Haarlem /
Maranibia Cardoso Oelemann’, Harrison M. Gomes', Eve Willery®>*>, Lia Possuelo®, Karla Valéria ‘ BraZIl !' o
Batista Lima’, Caroline Allix-Béguec®**°2, Camille Locht*3**?, Yves-Olivier L. Goguet de la { ‘ i
Salmoniére®, Maria Cristina Gutierrez>>*>%"®, philip Suffys', Philip Supply®3%5+ / T LAMI
1Laboratory of Molecular Biology Applied to Mycobacteria, Oswaldo Cruz Institute, Fiocruz, Rio de Janeiro, Brazil, 2 INSERM L1019, Lille, France, 3 CNRS UMR 8204, Lille, I‘ T X Bri Br2 LAMI
France, 4 Univ Lille Nord de France, Lille, France, 5 Institut Pasteur de Lille, Center for Infection and Immunity of Lille, Lille, France, 6 Center of Sdentific and Technological | ‘1 S
Development, Fundagao Estadual de Produgao e Pesquisa em Saude, Porto Alegre, Brazil, 7 Institute Evandro Chagas, Belem, Brazil, 8 Department of Infection and \ Haarlem R'o DE JANE'RO
Epidemiology, Institut Pasteur, Paris, France ’ n=169
Jre-

YAMI » '/PORTO ALEGRE

Mycobacterium tuberculosis S T porron
gen etICS network (Map from BYU Geography Dept)

. . Figure 4. M. tuberculosis strain lineage distribution among three
B I d t d t Brazilian regions. Lineage distributions result from the congruence
I n r az I - W e n e e O u p a e analyses shown in Fig. 1 and 3. One isolate from Rio De Janeiro was of

an unknown lineage/branch. Amrows indicate region-specific lineages.

and expand this network! e e ganiE e




Example from Brazil #3 - Sd0 Paulo network of Fast | Srande Séo Paulo

Molecular Test (TRM-SP NET)

1 lab
1 lab Séao José do
Rio Preto
1 lab | Aracatuba Ribeirado
Preto

Presidente
1 lab Prudente

1 Iab Marilia
3 labs | Campinas

Araraquara 1 1 lab| Sorocaba
Braganca Paulista 1

Guaruja 1
Jundiai 1

Barueri 1
Carapicuiba 1
S&o Bernardo 1

Franco da Rocha 1
Guarulhos 1

Itapecerica 1

2 labs

[Taubate ] 1 lab

L

23

Piracicaba 1

Sao Paulo |

Tremembé 1

TOTAL labs 41

Total equipments 63
© Erica Chimara et al, Instituto Adolfo Lutz, Sdo Paulo 2017

13 labs

. Santos | 2 labs
|

Santo André | 2 |labs




Rifampicin resistance by molecular test
(GeneXpert)

* From January to May 2017:

53 rifampicin resistant cases by molecular test
— 7 rifampicin susceptible cases by MGIT
— 13.2% discrepant results

o 2016
— 30% discrepant results

What is the reason for so high percentage of
discrepant results? - Pre-analytic problems?

Cross contamination? Problems with DST?
© Erica Chimara et al, Instituto Adolfo Lutz, Sdo Paulo 2017



Relation with RIF resistance

IS(I)\IIS'.ces [;?: )r(poelft r:;O%;Si[;R Critical concentration Notes References
P q g (fluorometric method) =1 pg/ml
1 S R T508A Non-related Both results are correct Ocheretina et al., 2014
MIC < 1 pg/ml
1 S R T508G Non-related - Not described
1 S R T508T Silent - Non-related Both results are correct Ocheretina et al., 2014
Berrada et al., 2016
- * 3
1 S R L511P M Il\éo: (r)e;a;ted mi Both results are correct Ocheretina et al., 2014
20 MO Aubry etal., 2014
2 S R L511R Questionable -
Silent - Non-related Alonso et al., 2011
6 S R F514F MIC 0,125 pg/ml Both results are correct Berrada et al.. 2016
Non-related* Berrada et al., 2016
1 S R D516Y MIC 0.25 ua/ml Both results are correct Andres et al., 2014
=2 HO Aubry et al., 2014
Questionable
1 S R D516F MIC 2 pg/ml Berrada et al., 2016
1 S R L524L Silent - Non-related Both results are correct
Non-related Berrada et al., 2016
4 S R H526N MIC 0,125-0,25 pg/ml Both results are correct Jamieson et al., 2014
1 S R nd - - -
H526N + WT Non-related Berrada et al., 2016
2 S R (MIX) MIC 0,125-0,25 pg/ml Both results are correct
Non-related Berrada et al., 2016
1 S R H526S MIC 0,25 pg/ml Both results are correct
Non-related* Ma et al., 2006;
1 S R L533P MIC 0,5 pg/ml Both results are correct Berrada et al., 2016
Non-related*
1 S R L533Q MIC <1 pg/ml Both results are correct Ma et al., 2006
L533Q + WT Non-related Ma et al., 2006
1 S R (MIX) MIC <1 pg/ml Both results are correct
1 S R P535S Non-related Can app_ears in com_blnatlon with drug Tracevska et al., 2002
resistant mutations as H526Y
6 S R WT - Problem with GeneXpert or samples? -
N= 33 Blame the Gene-Expert, but why so many silent mutations in rpoB in Sdo Paulo?

Detected also In resistant 1solates; nd, not done
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ARTICLE
Received 11 Apr 2014 | Accepted 25 Jul 2014 | Published 1 Sep 2014 DOI: 10.1038/ncomms5812 OPEN

A robust SNP barcode for typing Mycobacterium
tuberculosis complex strains

Francesc Coll', Ruth McNerney1, José Afonso Guerra-Assunc;éo2, Judith R. Glynnz, Jodo Perdigéo3,
Miguel Viveiros?, Isabel Portugal®, Arnab Pain>, Nigel Martin® & Taane G. Clark'2

Coll et al. Genome Medicine (2015) 7:51

i ! - [ ] [ ]
DOI 10.1186/513073-015-0164-0 Geﬂome MEdICII‘]e

METHOD Open Access

Rapid determination of anti-tuberculosis drug
resistance from whole-genome sequences

Francesc Coll', Ruth McNerney', Mark D Preston ', José Afonso Guerra-Assuncao’, Andrew Warry?,
Grant Hill-Cawthorne™, Kim Mallard’, Mridul Nair’, Anabela Miranda®, Adriana Alves®, Jodo Perdigao®, Miguel Viveiros’,
sabel Portugal®, Zahra Hasan®, Rumina Hasan®, Judith R Glynn'*, Nigel Martin'®, Amab Pain®" and Taane G Clark"”
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CPLP-TB: Database and Analyis Tool for the Lusophone Space

HOME ABOUT CPLP-TB DESCRIPTION SUBMIT DATA CONTACTS LAUNCH CPLP-TB

CPLP-TB

TB Molecular Epidemiology Database for the CPLP

Available at: www.ff.ulisboa.pt/cplp-tb www.ff.ulisboa.pt/cplp-tb


http://www.ff.ulisboa.pt/cplp-tb

Unidade de Microbiologia Médica
Global Health and Tropical Medicine

Transnational clustering: an overview of the
ancestral voyage of M. tuberculosis among

lusophone countries

S INSTITUTO DE HIGIENE E
#~: MEDICINA TROPICAL

UNIVERSIDADE MOVA DE LISEOA

-PORTUGAI.'

Multiple transnational clustering highlights
the complex interactions between
Lusophone countries and are potentially
associated with migratory events.

.. 24-loci MIRU-VNTR

: N=381 CPLP clinical isolates

Perdigéo et al, Sci Reports 2017 (submitted)
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A MIRU-VNTR
Framework for the
CPLP:

The CPLP-TB open
acess database

CPLP-03

30 Drug Resistance associated Clusters \‘

ifﬁ;!—[ | 22 MDR-TB associated Clusters h

.2 24-loci MIRU-VNTR i H
s 4 XDR-TB associated Clusters !

: N=381 clinical isolates

l’n’f{.
33 genetic clusters cpLP-02 ¥

CPLP-NEW

O
: R
153 isolates CPLP- NEW2. Q1
(40-2%) Country: %
. . ® Angola
6 confirmed transnational Brazil
CIUSterS Guinea-Bissau

@ rortugal 3

>

Drug Resistance: e 'ﬂ\
® Not determined  CPLP-07

® susceptible \%\

Any Resistance sos

“

%B-B

@ MDR
@ xor

.’...‘..

Lisboa3-A
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— 156110 restriction fragment length polymorphism
—— Targeted gene sequencing

—— Spoligotyping

—— MIRU-VNTR typing

!

Heteroresistance explains
discordance between

genotype and phenotype

—— Next-generation whole genome sequencing
— Targeted deep sequencing

XDR-tuberculosis
outbreak in South Africa

Additional epidemiological
mechanisms leading to
drug-resistant tuberculosis

Association between

Identification of compensatory
mutations in rpoA and rpoC

!

| XDR-tuberculosis in Portugal

mutation and drug
resistance

Exogenous re-infection with an
MDR-tuberculosis strain in
immune competent patients

Exogenous reinfection
with an MDR-tuberculosis
strain in an immune-
compromised patient

Transmission of
MDR-tuberculosis

Genotypic classification of
drug-resistant tuberculosis

Whole genome
sequencing used
to differentiate
acquisition from
transmission

Totally drug-resistant
tuberculosis in Iran

Detection of mutations conferring
resistance by targeted next generation
sequencing

Whole genome sequencing
identifies transmission of
drug-resistant tuberculosis in Russia

Rapid detection of
drug-resistant mutations
by whole genome sequencing

Chronology of mutational
events leading to the
evolution of
XDR-tuberculosis

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

vyvy©“Y

vy v

Yy v

Figure 2: Timeline of key molecular epidemiological findings using different genotyping tools

Genotyping tools used for each finding are indicated by different colours. MDR=multidrug resistant. MIRU-VNTR=mycobacterial interspersed repetitive units-variable numbers of tandem repeat.

XDR=extensively drug-resistant.

The epidemiology, pathogenesis, transmission, diagnosis,
and management of multidrug-resistant, extensively
drug-resistant, and incurable tuberculosis
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Robin M Warren®
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HOW TO FIGHT M/X/TDR-TB?

ZZOR\
NSEL

World Health
Organization

THE

STOP TB

STRATEGY

(&R World Health
&#Y Organization

( “Early” detection of TB + M/XDR-TB |
(Laboratory) FATY

+

DOT strategy + “Molecular Epidemiology” |
(Ministry of Health) |
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Conclusions

» Molecular epidemiology was/is essential to control TB and especially M/XDR-TB —
Need for centralized detection (Reference Centers and Labs for early detection) plus
Nationally centralized molecular epidemiology databases (nowdays internet based)

This strategy allows the description of a considerable host/setting adaptation

* phenomena with the identification of well adapted variants/clades that are prone
to develop infection and resistance plus early detection of outbrakes of these
strains in specific settings (prisons/ hospitals/ cities/ etc...)

I * Genetic markers for strain typing/tracking

* Better, more efficient and tolerable treatments (eg: only a subset of the Lisboa3

strains is associated with XDR-TB and requires a specific 2nd line treatment regimen)

e Study of long term host-pathogen adaptation

* I|dentification of the LOCAL most prevalent mutations for resistance and
its microevolution path...Helps in the development of novel and locally
adapted molecular tests — very important to control the “iatrogenicity”

of the XDR-TB! — WE NEED A BRAZILIAN MTB GENETICS NETWORK !
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