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Always present with TB 

incidence greater than 

300/100.000 in 1900!!!

Dona Amélia Augusta Eugênia Napoleona de 

Beauharnais, founder of the 1st  Hospital-Sanatórium 

Princesa D. Maria Amélia (Funchal)

Dona Amélia, 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

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

phthisis, "to what is believed”, infected by his father,

D. Pedro IV (Pedro I of Brazil), also killed by the

disease. In 1862, the Hospital Princess D. Maria

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.: história sumária de uma instituição (1899-1979), Lisboa, 1979, p.7
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The old example of Portugal 
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http://www.saudepublica.web.pt/TrabFrada/TBsecXX_JFrada.htm

Da A.N.T. ao S.L.A.T.: história sumária de uma instituição (1899-1979), Lisboa, 1979, p.7

Sanatório Marítimo do Norte em Francelos

Preventório de Penacova

O Sanatório de Sant’Ana na Parede 

Incidence higher than 300/100.000 in

1900 reduced to 250/100.000 in 1940

with basic hygiene measures!!!

The old example of Portugal 
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Zhenkun Ma, Christian Lienhardt, Helen McIlleron, 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

Tuberculosis, “consumption “ or pthisis –

CAN BE CURED WITH APPROPRIATE TREATMENT
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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

1974 ???

http://www.saudepublica.web.pt/TrabFrada/TBsecXX_JFrada.htm

Da A.N.T. ao S.L.A.T.: história sumária de uma instituição (1899-1979), Lisboa, 1979, p.7

The old example of Portugal 
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But beyond TB

there was now a new problem!!!

MDR-TB above 35% in 1997-2000 in Lisboa!!!!
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Ziehl-Neelsen

staining 

Culture

System BACTEC MGIT 960

Identification

System Accuprobe

Susceptibility tests
(BACTEC MGIT 960) 

Descontamination & homogenization 

INNOLiPA Rif. TB

Extracction 

of DNA

M. tuberculosis ID +

H. S. Francisco Xavier

F. da Fonseca –Amadora Sintra

Hospital Garcia da Orta-Almada

Hospital Egas Moniz

H. Pulido Valente

Hospital S. Bernardo-Setúbal

Hospital C. Castro-Guimarães–Cascais

Hospital Santa Maria

Hospital do Barreiro

Hospital Capuchos

Substrate

(BCIP/NBT) BluePrecipitate
Substrate

(BCIP/NBT) BluePrecipitate

Unidade de Microbiologia Médica
Global Health and Tropical Medicine

The example of Portugal - TB-Task Force for 

Lisbon (2003, 2005, 2009)



Resistance
No. of isolates (%)

2001 2002 2003 2004 2005 2006

Total 283 741 667 547 442 345

Resistanta 63 (22.3) 193 (26.0) 164 (24,6) 123 (22.5) 111 (25.1) 77 (22.3)

MDR-TBb 40 (14.1) 81 (10.9) 82 (12.3) 57 (10.4) 67 (15.3) 34 (9.9)

XDR-TBc 18 (52.9) 35 (44.3) 47 (57.3) 37 (66.1) 34 (50.7) 14 (73.6)
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Any Resistance Rate: 22.3 – 26.0%

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 !!??
ON THE CONTRARY THEY INCREASED STEADILY 
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Trends in Drug Resistance Rates



2003

n = 360 samples

2005 

n = 630 samples
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The example of Portugal - TB-Task Force for Lisbon 
(2003, 2005, 2009)
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SITVIT2 database comparison: spoligotype pattern 477777607760771 
belongs to shared-international-type SIT 753. 
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Spoligotyping



MIRU-VNTR unit
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http://www.miru-vntrplus.org/MIRU/index.faces

MIRU-VNTR

mycobacterial interspersed repetitive 
units - (MIRU)

variable number of tandem repeats 
(VNTR)  

http://www.miru-vntrplus.org/MIRU/index.faces


Three major clusters: Lisboa3-A, Lisboa3-B and Q1;

XDR-TB isolates belonged to either Lisboa3-B or Q1 cluster;

No XDR-TB isolate was found to belong to Lisboa3-A cluster.
Perdigão et al, BMC Genomics 2014
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MIRU-VNTR 24 loci 
Genotyping
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Microevolution within Lisboa3 and Q1 clades: resistance acquisition

Perdigão et al, BMC Genomics 2014

RIF: rpoB D435V
PZA: pncA Ins250G
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Whole-genome sequencing



The more we detect ! – the more we treat! – the more we cure ! – but we also select DR-TB !

We have seen this in 

Portugal !

Source: Direcção Geral de Saúde. 2017. Programa Nacional de Luta Contra a Tuberculose (PNT). Ponto da situação epidemiológica e de desempenho ano 2015/2016 , p. 1-

33. DGS, Lisboa, Portugal ; Perdigão et al J Antimicrob Chemother. 2013 Jan;68(1):27-33; WHO Global Tuberculosis Report, 2016, WHO 2017 

We have reduced TB incidence from  63/105 in 1990 to 19/105  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%

Unidade de Microbiologia Médica
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BLAME THE TB PATIENT ! 

TRUE BUT IT’S ONLY ONE PART OF THE 
PROBLEM AS WE HAVE SEEN IN PORTUGAL!

Unidade de Microbiologia Médica
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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

HOW M/X/TDR-TB WAS GENERATED AND CONTROLED IN PORTUGAL?

WHO Global Tuberculosis Report, 2016, WHO 2017 



Examples from Brasil #1 – What is going on with the Brazilian M. tuberculosis 

strains  and the evolution of M/XDR-TB? 

Unidade de Microbiologia Médica
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Why?



Examples from Brasil #1 – What is going on with the Brazilian M. tuberculosis 

RDRio ? 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?

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?

Unidade de Microbiologia Médica
Global Health and Tropical Medicine

Mycobacterium tuberculosis 

genetics network 

in Brazil – we need to update 

and expand this network!



Presidente 

Prudente

Araçatuba

São José do 

Rio Preto

Marília

Bauru

Ribeirão 

Preto

Campinas

Sorocaba

Taubaté

Santos

Santo André
São Paulo

13 labs

1 lab

Araraquara 1

Bragança Paulista 1

Guarujá 1

Jundiaí 1

Piracicaba 1

Tremembé 1

1 lab

3 labs

1 lab

1 lab

2 labs

2 labs

2 labs

1 lab

1 lab

1 lab

TOTAL labs 41

Total equipments 63

Example from Brazil #3 - São Paulo network of Fast 

Molecular Test (TRM-SP NET)

Grande São Paulo

Barueri 1

Carapicuíba 1

São Bernardo 1

Franco da Rocha 1

Guarulhos 1

Itapecerica 1

© Erica Chimara et al, Instituto Adolfo Lutz, São Paulo 2017



• From January to May 2017:

• 53 rifampicin resistant cases by molecular test

– 7 rifampicin susceptible cases by MGIT

– 13.2% discrepant results

• 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, São Paulo 2017

Rifampicin resistance by molecular test

(GeneXpert)



No. 

Isolates

DST  

RIF

rpoB

Xpert

rpoB RRDR

sequencing

Relation with RIF resistance

Critical concentration 

(fluorometric method) = 1 µg/ml

Notes References

1 S R T508A
Non-related

MIC < 1 µg/ml
Both results are correct Ocheretina et al., 2014

1 S R T508G Non-related - Not described

1 S R T508T Silent - Non-related
Both results are correct

Ocheretina et al., 2014

1 S R L511P
Non-related*

MIC < 0,25 µg/ml

Both results are correct
Berrada et al., 2016

Ocheretina et al., 2014

Aubry et al.,  2014

2 S R L511R Questionable -

6 S R F514F
Silent - Non-related

MIC 0,125 µg/ml
Both results are correct

Alonso et al., 2011

Berrada et al., 2016

1 S R D516Y
Non-related*

MIC 0,25 µg/ml
Both results are correct

Berrada et al., 2016

Andres et al., 2014

Aubry et al.,  2014

1 S R D516F
Questionable

MIC 2 µg/ml
Berrada et al., 2016

1 S R L524L Silent - Non-related Both results are correct

4 S R H526N
Non-related

MIC 0,125-0,25 µg/ml
Both results are correct

Berrada et al., 2016

Jamieson et al., 2014

1 S R nd - - -

2 S R
H526N + WT 

(MIX)

Non-related

MIC 0,125-0,25 µg/ml
Both results are correct

Berrada et al., 2016

1 S R H526S
Non-related

MIC 0,25 µg/ml
Both results are correct

Berrada et al., 2016

1 S R L533P
Non-related*

MIC 0,5 µg/ml
Both results are correct

Ma et al., 2006;

Berrada et al., 2016

1 S R L533Q
Non-related*

MIC <1 µg/ml
Both results are correct Ma et al., 2006

1 S R
L533Q + WT

(MIX)

Non-related

MIC <1 µg/ml
Both results are correct

Ma et al., 2006

1 S R P535S Non-related
Can appears in combination with  drug 

resistant mutations as H526Y
Tracevska et al., 2002

6 S R WT - Problem with GeneXpert or samples? -

N= 33

*Detected also in resistant isolates; nd, not done

Blame the Gene-Expert,  but why so many silent mutations in rpoB in São Paulo? 
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www.ff.ulisboa.pt/cplp-tb

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


Transnational clustering: an overview of the 

ancestral voyage of M. tuberculosis among 

lusophone countries

:: 24-loci MIRU-VNTR

: N=381 CPLP clinical isolates

Multiple transnational clustering highlights 

the complex interactions between 

Lusophone countries and are potentially 

associated with migratory events.

Unidade de Microbiologia Médica
Global Health and Tropical Medicine

Perdigão et al, Sci Reports 2017 (submitted)



: N=381 clinical isolates

:: 24-loci MIRU-VNTR

33 genetic clusters

153 isolates

(40.2%)

6 confirmed transnational 

clusters

30 Drug Resistance associated Clusters

22 MDR-TB associated Clusters

4 XDR-TB associated Clusters

Lisboa3-A

Lisboa3-B

Q1

CPLP-01

CPLP-NEW1

CPLP-02

CPLP-07

CPLP-NEW2

CPLP-03

PT-07

Unidade de Microbiologia Médica
Global Health and Tropical Medicine

A MIRU-VNTR 
Framework for the

CPLP :
The CPLP-TB open 

acess database



Unidade de Microbiologia Médica
Global Health and Tropical Medicine



“Early” detection of TB + M/XDR-TB

(Laboratory)

+

DOT strategy + “Molecular Epidemiology” 

(Ministry of Health)

HOW TO FIGHT M/X/TDR-TB?

Unidade de Microbiologia Médica
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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…)

• 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)

• Study of long term host-pathogen adaptation

• Identification 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 ! 

Unidade de Microbiologia Médica
Global Health and Tropical Medicine

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)

Conclusions



THANK YOU!

https://www.escmid.org/research_projects/study_groups/mycobacterial_infection/

Acknowledgments

https://www.escmid.org/research_projects/study_groups/mycobacterial_infection/

