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Main actions for TB Control

e Prevention of new infections

e Fast Detection of active infectious
cases (potentially all)

* Providing effective treatment

Laboratory Diagnosis is part of the “core
business” in TB control
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Outline

 Diagnostic tests for TB:

e What is new on microscopy,
culture, DST

e Molecular detection of MDRTB:
e LPAs
e Xpert

 Diagnostic Algorithms

* New Prospectives

Emenging Bactevial Tathogens Unit




Laboratory involvement

Diagnosis of TB

LTBI Active disease

Gamma INF/ other
biomarkers

Smears/ molecular

S biology tools for MDR

Solid and liquid cultures

Molecular Typing from
sample or from strains

Spoligotyping
MIRU-VNTR
) 1S6110 RFLP

Identification

DST
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NOIC O COITimicriial nmrumunoiogy
based diagnostics for active TB

Serological tests eron gamma release
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General overview

* Diagnostic algorithms depend on TB
epidemiology, human and infrastructure
capacity, financial resources and
sustainability

* Independently from the selected algorithm a
robust and integrated network of Tb
laboratories under the direction of a NRL is
required

 All NRLs should aim to reach accreditation

GLI road map at
‘http://lwww.who.int/tb/dots/laboratory/policy/en
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Biosafety

o Mtb is a class 3 risk pathogen

» All biosafety strategies (minimum requirements) should
be based on risk assessment

e Based on:
— Bacillary load of samples and workload
— Viability of bacilli
— Aerosol generation
— TB local epidemiology
— Fitness of the staff
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Microscopy

1000x

Rapid test

Inexpensive

A ;.
Does not allow species identification % ]
Not applicable to all samples X *,.
L
i-.‘
Fluorescence Ziehl-Neelsen staining

1st AFB smear 80-82 %

2"d AFB smear 10-14 %

3'd AFB smear

5-8 %
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Microscopy: WHO 2010

o ZN light microscopy performed on UNCONCENTRATED
sputum is suitable for all laboratory service levels

e Concentration of sputum is NOT recommended in
programmatic settings

 Fluorescence microscopy is recommended for
Increased sensitivity (add 10%)

« LED microscopy is recommended over conventional
fluorescence
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TB Culture

Advantages Disadvantages

. Definitive diagnosis of TB || Complexand expensive
Compared fo MICIroSCOopPYy

 Increases case finding of ||, Requires complex handling of

30-50% specimens

e Early detection of cases « Skilled technicians

e Provide strains for DST . A_ppropriate infrastructure and
and epidemiological biosafety levels
studies

LIMITATIONS: need for decontamination and identification

*coverage 500.000/1000000
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Culture: solid/ liquid

solid
 Low cost for reagents, not
automated

o Culture level infrastructure
 Low contamination rate

* Long time to positivity

* Colony morphology

* ID required

 DST only for selected drugs

liquid

Complex and expensive can be
automated (MGIT)

Highest infrastructure and
biosafety levels

Case finding increased 10% over
solid

Diagnostic delay reduced to days
ID required
DST only for selected drugs

Strip speciation tests for fast ID of Tbcomplex
Molecular test for speciation of most common mycobacteria

j B
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MGIT 960

® Automatic system for mycobacteria
detection

DST automatic (1999)
Non radiometric
Fluorescence BBL® MGIT™

Non invasive (no needles), totally automatic
and computerized

High workload
No blood culture

(

Mycobacteria liquid medium

Rutenium salt registers oxygen
variation

O Oxygen consumption by bacterial
metabolism releases fluorescence

O Fluorescence is detected manually by
UV lamp or automated
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M. tuberculosis identification

Morphology/B Molecular Immuno-
iochemical tests cromatographic

tests LPAs test

Probes on liquid
JEN

Sequencing

Spoligotyping
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DST

* Definitive diagnosis of DRTB

DST: 2 categories

Indirect Direct
DST DST
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Liquid/solid media comparison

mmmsd Advantages compared to solid media:
e more rapid
* high quality of media
e fully automated system
e testing of 1%t, 2"4, and new drugs (Linezolid)
e safety: plastic tubes
e pyrazinamide sensitivity test

Break points for 2" line drugs

Disadvantages: recently revised
e expensive Still poor correlation with clinical

e higher contamination rate  RSCLESIUIESCIYER RS 1Y

e dependency on a company JUGIELLE
e no DST for Cycloserine
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Main action for TB Control

e Prevention of new infections
e Fast Detection of active infectiou
c cases (potentially all)

Providing effective treatment

Conventional tools are often too slow to fulfil the task
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Commercial Molecular tests for DR
detection

GenoType MTBDRplus, InnoLiPA Rif.TB

eReverse hybridization, colorimetric reaction
eResults in 6-7 h
e some flexibility (n probes/strip: 30-40)

DMA extraction Detection

e Technical expertise: some

eBiosafety lev 2
Xpert MTB/RIF

eIntegrated/automated gPCR
eResults in 2h

eClosed system (limited number of probes:
<10)

e Technical expertise: none
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vidin Imutdatiorns rcopornivic 101 un i

MTB

Gene(s) Mutation
Drug (year of MIC involved in frequency
- discovery) pg/mi resistance Gene function Role Mechanism of action %
(7 Isoniazid (1952) 0.02-0.2 katG Catalase-peroxidase Pro-drug Inhibition of mycolic acid 50-95
%D inhA Enoyl ACP reductase conversion biosynthesis and other 843
'E Drug target multiple effects
o Rifampicin (1966) 0.05-1 rpoB B subunit of RNA polymerase  Drug target  Inhibition of RNA synthesis 95
c < Pyrazinamide (1952) 16-50 pncA Nicotinamidase/pyrazinamidase Pro-drug Depletion of membrane energy  72-97
—_ (pH 5.5) conversion
73 Ethambutol (1961) 1-5 embB Arabinosyl transferase Drug target  Inhibition of arabinogalactan 47-65
E synthesis
Streptomycin (1944)  2-8 rpsL 512 ribosomal protein Drug target  Inhibition of protein synthesis 52-59
. s 165 rRNA Drug target 8-21
gidB rRNA methyltransferase Drug target ?
(G527 in 530 loop)
» Amikacin/kanamycin =~ 2-4 Irs 165 rRNA Drug target  Inhibition of protein synthesis 76
o0 {1957) 165 rRNA
E Capreomycin (1960) tiyA 2'-0-methyltransferase
© Quinolones (1963) 05-25 gyrA DNA gyrase subunit A Drug target  Inhibition of DNA gyrase 75-94
0:" < gyrB DMNA gyrase subunit B
—_ Ethionamide (1956) 2.5-10  etaA/ethA  Flavin monooxygenase Prodrug Inhibition of mycolic acid 37
© conversion synthesis
g inhA Drug target 56
o PAS (1946) 1-8 thyA Thymidylate synthase Drug Inhibition of folic acid and 36
g N activation? iron metabolism?

MIC = minimum inhibitory concentration; ACP = acyl carrier protein; PAS = para-aminosalicylic acid.

ﬂ B
http://lwww. I_ _.org.tn

Zhang Y et al 2009. UTLD 13(11):1320-1330
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LFA perrormance in 1soiates ana ciinicadl
samples

Inno-LIPA Rit.TB GenoType MTBDRplus*™ GenoType MTBDRplus
VVVNVYVY V¥
Hot-spot rpoB gene [505 509 511|513 [516] 518 522] [526]  [531] 533 | cod. 315 katG gene
U Y U - .15 -16 i
Mut D516V Mut H526Y Mut S531L nt 8' 15’ 16 lnhA gene
Mut H526D
rscmilivily SROC Curve
u.aj 1.0-1':,___ ‘LO—i/’______ —
- 0.9 4, 0.9
o o 0.8 0.8 1
0.7 4 07 4 0.7 + [
05 - > 06 206 P .
= =
05 E 0.5 ‘E 0.5
- 3 04- 304/
2 0.3 - 03]
0.2 4 0.2
02+
0.1 4 0.1+
0.1 0.0 . , " " Y 0.0 T T T
0 -5 3 i} LS 5% 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-specificity 1-Specificity 1-Specificity
Morgan M et al 2005. BMC Infect Dis 5:62 Ling DI et al 2008. Eur Respir J 32:1165-1174 Ling DI et al 2008. Eur Respir J 32:1165-1174
Sensitivity 95-98% Sensitivity 95-99% Sensitivity 82-93%
Specificity 98-100% Specificity 97-100% | Specificity 95-100%
Decontaminated clinical specimens (AFB-positive) Dec. clin. spec. (AFB-pos)
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Xpert MTB/Rif: workflow

Sputum liquefaction
and inactivation with
2:1 sample reagent

Sample Ultrasonic lysis DNA molecules Seminested
automatically of filter-captured mixed with dry real-time
filtered and organisms to PCR reagents amplification
washed release DNA and detection

in integrated
reaction tube

O

Printable
test result

Transfer of
2 m| material
into test cartridge

MTB/RIF

it

Assay Name MTB-RIF

Test Result

Cartridge inserted into
MTB-RIF test platform
{end of hands-on work])

I ]

Time to result, 1 hour 45 minutes

Boehme CC et al 2010. N Engl J Med 363(11):1005-15
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TAT to Rif —R detection and reporting

RIF-R detection

lime to report 1o treatment center

Boehme CC et al 2011. Lancet 377(9776):1495-505
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Line-probe assay
] r —— MTB/RIF test
. s —— Phenotypic drug-susceptibility testing
T T T T T T T T
o 20 40 60 80 100 120 140

Time to detection (days)

Xpert MTB/RIF: 0-1d
LPA: 10-26 d*
Culture DST: 30-124 d**

Proportion of all results reported (%)

100

99-4% (9/1438 lost or unreported)

,-/_F:_ 98-1% (70/3729 lost or unreported)
90+ I|I
[ 83-3% (848/5089 lost or unreported
80| | —
| [ // 73-2% (356/1327 lost orunreported)
70_| [ (/ B 70-4% (244/823 lost or unreported)
. | | . -
0 ll".f_" ‘____,.—-’
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A
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20 —— MTB/RIF test
I i _,-’fl —— Microscopy
—— Culture
104 o
-‘K —— Molecular DST (line-probe assay
_// —— Phenotypic DST
o — T T T T 1
0 20 40 60 go 100 120 140
Time to reporting (days)

Xpert MTB/RIF: 0-1d  (Microscopy: 1-2 d)
LPA: 27-53 d*
Culture DST: 38-102 d** (culture: 42-62 d)

Some results not reported/lost

* test on AFB-pos clinical specimen + test on clinical isolate for AFB-neg cases

** DST p by MGIT

_.org.tn
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PPV and NPV for Rif resistance at
different prevalence of Rif resistance

Rifampicin False True 100% -
resistance it negative* negative*
prevalence 90%
m 32.4% | 99.9% 9.5 0.5 19.8 970.2 = PP/
m 29.2% | 99.9% 19 1 19.6 o60.4 80%
U so5% | 99.8% 28.5 1.5 19.4 950.6 NPV
P8 66.4% | 99.8% 38 2 19.2 gap.g 0%
71.4% | 99.7% 47.5 2.5 19 931
m 75.2% | 99.7% 57 3 18.8 g21.2 00% !
78.1% | 99.6% 66.5 3.5 18.6 911.4
m 80.5% | 99.6% 76 4 18.4 so1.6 0%
[T 8r.4% | 995% 85.5 45 18.2 891.8
40%
U8 24.1% | 99.4% 95 5 18 282
m 85.4% | 99.4% 104.5 5.5 17.8 872.2 20
m 26.6% | 99.3% 114 & 17.6 862.4
87.7% | 99.2% 123.5 6.5 17.4 852.6
| 1% 20%
m 88.5% | 99.2% 133 7 17.2 842.8
o8 893% | 99.a% 1425 7.5 17 83
0N 92.2% | 98.7% 190 10 16 784
Rifampicinresistance prevalence
m_u.uh 98.3% 237.5 12.5 15 - - , , , , X : ; . , .
* SEHS“W“}' [95%] and SPECiﬁC"}" (EIB%] for Xpert MTB/RIF rifampicin 0% oo 10% 15% 20% 25% 30% 35% 40% 45% G50%
resistance, compared with reference method (culture) WHO/HTM/TB/2011.2
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WHO Policies

MOLECULAR LINE PROBE ASSAYS FOR RAPID SCREENING OF AUTOMATED REAL-TIME NUCLEIC ACID AMPLIFICATION TECHNOLOGY
PATIENTS AT RISK OF MULTIDRUG-RESISTANT TUBERCULOSIS FOR RAPID AND SIMULTANEOUS DETECTION OF TUBERCULOSIS AND
(MDR-TB) RIFAMPICIN RESISTANCE: Xpert MTB/RIF SYSTEM
» Strains or AFB positive respiratory samples  Approved for smear-negative cases
 Adequate infrastructures (biosafety, molecolar * Biosafety at microscopy level

biology)
» Technical capacities (supervision, QC)
 Appropriate transport and storage of reagents
o Central or Regional level
* INH drug-sensitive cases need to be confirmed by

No technical skill required

Annual module’s calibration

District peripheral labs

Appropriate transport and storage of reagents
High NPV (99%)

Culture « RIF-R cases to be re-confermed by LPA /colture if
prevalence of RIF-R <10%
(] Test to be adopted in settings with  Reference test for MDR suspects and for
adequate capacity and resources in TB/HIV
agreement with local NTP and WHO
DX\ World Health

W

“4-—-..‘_

reccomandations "
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Potential limits of Xpert technology

Unknown performance at a district level
Unknown performance in children

If RIF resistance is diagnosed in a low level MDR-TB
prevalence setting, the assay needs to be confirmed

Need to perform a culture for DST to evaluate other drug
resistance

Need to perform smear/ culture for monitoring issue
(conversion)

It requires uninterrupted and stable electronic power supplies
and yearly calibration

Storage of reagents

Testing only for Rifampicin resistance
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Sensitivity in Extrapulmonary TB

prasent sudy
. | Hillernainn et &l [11]
Total [ ‘adwai e al. [12]
] &gt ahudy
LIrines @ Hilemann et al [11]
i +— present shudy
Gastric aspirates + Hilemann et g . [11]
F—%— | present swdy
Pus i | Vath#sal 1 al. [12]
L & mrasant shidy
Body fuids | @ | vadvai atal. [12]
—f— prasent shudy
—@— | Helemann etal [11]
Biopsies | ¥ | wadvai g al. [12]
| | I
0.0 .25 0.50 ATG 1.00
oEnsitivity

Tortoli et al., ERJ 2012
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Performance in children

Baseline characteristics
Nr of Median | HIW Specimens
participants | age infection
Micol et al, 452 16years | 24% Induced
Lancet I 2011
Rachow etal, | 164 S5.Eyears | 51.2% Induced and
CID 2012 SpONTaneous
sensitivity and spedficity for pediatric TB
detection
sensitivity in | specificity in | | Sensitivity
c+ 95 Q) c-[s5T1)
Hicol et al, TE% ook
Lancet ID 2011 | [64-E7] [=8 - 100]
Rachow etal, | 75% 100%
ClD 2012* [55-88] [=a - 100]
*4447 (E.5%) Mpert pasitive among highly probabie TB

Propofion of cases detected (¥a)

an

Al tests (42 T30

MGIT & L (37.2%)

Xpert {33 3%]

MGIT [22.0%)

L (A0.7%%)

Smear (B.3%)

Rachow et al. 2012

4 &80 BO
MNiays to detectinn
| Specificity
*
L]
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Open Issues

e How to monitor the response to therapy?
— Sputum smear is still guiding decisions on admission and discharge

— Sputum culture is still the only reliable monitoring tool for MDR
patients

e Patients with H monoresistance may go undetected, in R res H
should be left until proven R?

e Are all the mutations in rpoB equally contributing to
resistance?

 Long term sustainability outside research and cooperation
projects

e First diagnostic step? Or should smear microscopy be kept as
the first step to reduce the use of cartridges?
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Interpretative problems

e Uncommon rifampicin

mutations |

* inhA - 15 alone: ey
increased mic, needs to 5 i

follow closely over time 4= a4 |

« Resistance to 5 o e
Ethionamide S B I

« Eth 306: main : s ey
mechanism fot ETH ; sl
resistance ; T

; 5““ ] u a

MABA. micropiate Alamar blue assay, R resistant;
o susceptible; *; atg—+aic; *; alg-aft

I.!. L Emenging Bactevial Tathogens Unit
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Molecular DST for drugs other than R and H

Diagnosing XDR-TB by molecular assays: the GenoType MTBDRsI (Hain
Lifescience)

gyrA : cod. 85-97

rrs: nt 1401,
1402,1484

embB: cod. 306

ooooo

fffff

Conjq?ate,tontrol icc)
Amplification Control [AC)
M. tuberculosis complex [TUB)

Hot-spot gyrd (FQs-R)

ooooo

ooooo

ooooo

ooooo

;;;;;

;;;;;

ooooo

ooooo

ooooo

gyrA Locus Control [gyrA/

gyrA wild type probe 1 [gyrA WT1)
gyrA wild type probe 2 [gyrdA WT2)
gyrA wild type probe 3 [gyrA WT3)
gyrA mutation probe 1 [gyrA MUT1]
gyrA mutation probe 2 [gyrA MUTZ]
gyrA mutation probe 3A (gyrdA MUT3A)
gyr4 mutation probe 3B [gyr4 MUT38)
gyrA mutation probe 3C }Q‘ym. MUT3C
gyrA mutation probe 3D [gyrA MUT3D

rrs wild type probe 1 [rrs WT1)
rrswild type probe 2 [rrs WT2)
rrs mutation probe 1 [rrs MUT1]
rrs mutation probe 2 [rrs MUT 2]

emb oCus ontrol femb.

embB wild type probe 1 lembB WT1)
embB mutation probe 1A %embﬁ MUT1A]
embB mutation prebe 1B lembs MUT 18]

[ qyrd WT2 |
[ gyrA WT1 | [ gyrA WT3 |
e e o D v O e | o G s v
| I 1

: Mut D944

Mut ,e..gcrh\:m sotp Mut DB4N

MMut D94y

Mut D245

Mut DBIH

Mut A1401G
Mot A1484T

rrs (CAP-/VIO-/KAN-AMK-R)

Mut M306I
Mut M306Y

embB (ETB-R)

colored marker
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Performances of Geno Type MTBDRsl

]
L]

]
Fluoroquinolones
P sensitivity

P specificity

PPV

PINPY

P Diagnostic accuracy

MTB Detection
% (95% Cl)

99,4 (96,8-99,9)

DST
% (95% ClI)

73,7 (61,0-83,4)
99,2 (95,3-99,9)
97,7 (87,9-99,6)
88,6 (82,0-92,9)
90,8 (85,6-94,3)

MTB Detection
% (95% ClI)

94,6 (85,4-98,2)

DST
% (95% ClI)

100 (61,0-100)
100 (92,4-100)
100 (61,0-100)
100 (92,4-100)
100 (93,2-100)

Psensitivity 99,4 (96,8-99,9) 71,4(61,2-80,0) 94,6(85,4-98,2) 80,0(37,6-96,4)
i specificity - 100 (95,9-100) . 89,1(77,0-95,3)
PPy 100 (94,0-100) 44,4 (18,9-73,3)
Y 79,0(70,6-85,4) 97,6 (76,6-94,5)
B Diagnostic accuracy 86,2 (80,3-90,6) 88,276,6-94,5)
P sensitivity 99,4 (96,8-99,9) 69,7(61,0-77,1) 94,6 (85,4-98,2) 84,9(69,1-93,4)

Specificity - 96,2 (87,0-98,9) 100 (83,9-100)

PPV 97,7 (92,0-99,4) 100 (87,9-100)
NPV 57,5(47,0-67,3 80,0 (60,9-91,1)

P Diagnostic accuracy

77,6 (70,8-83,2)

90,6 (79,8-95,9)

High PPV and specificity = rapid identification of resistant cases

Low sensitivity and NPV = need to confirm SENSITIVE cases by conventional DST

Can be used for screening MDR-TB cases at high risk to develop XDR-TB

For ETB sensitivity is increased (15-20%) when using the presence of mutations as
marker for resistance

Overall diagnosis of XDR-TB: 44.4% -2 additional studies and markers are needed

O 0000
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Tools in different algorithms

AFR

TRHTM
Birug resistance

DEWTIFIEATION |8 PECSATION,

£Sohd or Liguh ST carrat i el K el iy
i |
_ Mt BAOIR. reest sl oifesr e g ps Surmcacd bis LT
DS SUSCEPTIDILTY TESTIRG 2 LIkE
E IS0l i By |
i
il SO, o SIS NeT DN & Cas i [T

< .

Figare 1 5election of individuals to test with Xperl MTE/RIF based on rish assess ment

& ndivicuals at rick

B HIV [+) individisals

a H-TH [or HIW F“m
- Magrinsad with TE ar highi BNy se=Hirgs) coOnBiderations
- Suspected of having T8 SLIG
.
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Role of Molecular typing

e Toidentify epidemiological links between TB
patients to detect and control outbreaks
early and rapidly

156110-Based Genotyping

H37Rv

 Rule out suspected outbreaks and confirm
=0 E=— transmission has NOT occurred
o o =—
s Hee= * To identify incorrect TB diagnosis based on
. false-positive cultures and thus avoid
= | = unnecessary investigation and treatment
Balpy=—
_ N = * To distinguish exogenous re-infection from
Narat endogenous reactivation in patients with a
M ﬁaiGC D M lHa:R‘; D M A : C paSt hiStory Of TB

 1se110 < IS6110 probe
'; : e H = E Discover unusual transmission settings and
e b i transmission between different regions

MIRU-Based Genotyping

e  Monitor the size of clusters and thus monitor

=] 1se110 <  IS6110probe progress towards TB elimination
:H:H:H: DR locus & Peull sites
== - — B st  Vaccine and DR detection implications
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Conclusions

* Appropriate implementation of current
diagnostic tools will highly contribute to
reaching the 2015 target

e Large effort is needed in:

— improvement of diagnosis in Children

— Biomarkers discovery with the potential to
become a point of care
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Future perspectives

e Adapting molecular tests to therapy monitoring

e Including new clinically relevant mutations in medium
density/user friendly molecular platforms:
« AMK/KAN/CAP: Rv3919c (gidB), Rv2416 (eis)

e Characterization of mutations occurring in genes encoding putative targets
for new drugs (nitroimidazopyran, linezolid)

e Compensatory mutations in MDR-TB strains (Comas et al. 2011, Nat
Genetics )

e Better understanding of genetic diversity and drug resistance relationships
e Full genome sequencing?

e Biomarkers? LAM, cytokines,TNFaMTB specific CD4
miRNAs, volatile molecules

* Point of care tests?

E.'a Emenging Bactenial Fathogens Unit
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FIVIA TOT SCICClveE dimipiliCatiorn Ol vilal
MTB

Comparison between DNA amplified from PMA treated (- -) and untreated (—) sputum
samples collected at diagnosis (t,) and at 14 days from beginning of antitubercular therapy

89

Arbitrary Relative Quantity

o»
L

F-S
1

nN
1

Treatment follow-up

Arbitrary Relative Quantity

8+

(=2}
1

&~
1

N
1

Treatment follow-up

81

e 2]
1 1

Arbitrary Relative Quantity

N
1

Treatment follow-up

Not treated
PMA treated
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Lab-on Chip for molecular diagnostics

PCR:
 Ultra-Fast PCR
« Asymmetric Cy-5 PCR strateqy

Microarray:

 QOrientation probes

e Hybridization Control probes
 Hybridization Negative Controls probes

Lab-on-chip architecture

2 PCR reactors of 12.5 uL volume each (Total 25 ul)

1 Hybridization chamber of 30 uL

A 126 spots DNA microarray

2 in-let ports compatible with standard micro-pipettor tips
Integrated Heaters and Sensors

All the reaction modules are
= fluidically integrated
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DCITUITI TTIIRINAD dS SUabic DIOITIdI KET S
for TB

Control o S "“-----.\_\Iiulmonary B
\
Proof-of-principle: analysis of 667 )
MIRNAs serum expression profile in pooled
samples from patients with active ,
pulmonary, lymph node TB and pooled
healthy subjects. /

(low-density TagMan® arrays)

Lymph node TB

Qutcome:

1. This new approach has the potential to revolutionize present clinical management,
including revisiting TB classification and predicting therapy response.

2. MiRNAs expression pattern profiles may allow developing decision-tree
classifier/algorithms.

3. Serum allows easy testing in paucibacillary patients, in particular HIV-positive
patients and children.

Iﬂ Il
http://lwww. I_ _.org.tn |
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Conclusions

* Appropriate implementation of current
diagnostic tools will highly contribute to
reaching the 2015 target

e Large effort is needed in:

— improvement of diagnosis in Children

— Biomarkers discovery with the potential to
become a point of care

Emenging Bactevial Tathogens Unit




WHO Collaborating Centre for Integrated Lab. strengthening on TB and other Emerging Infections

San Raffaele Scientific Institute

Paolo Miotto

Andrea M. Cabibbe
llaria C. Valente
Emanuele Borroni
Paola Mantegani
Enrico Tortoli

hSR Scientific Park

-
=

oy
=

&

Queen Mary and Westfield College, University of London, United Kingdom
Forschungszentrum Borstel, Leibniz-Zentrum fiir Medizin und Biowissenschaften, Germany
Foundation for Innovative New Diagnostics (FIND), Switzerland

Universita degli Studi di Siena, Italy

National Tuberculosis and Infectious Diseases University Hospital, Lithuania

University of Vilnius, Institute of Biotechnology, Lithuania

Scientific Institute of Public Health — Institut Pasteur, Belgium

University of Glasgow, United Kingdom

Institute of Infectious and Tropical Diseases, University of Brescia, Italy

Dept. of Infectious, Parasitic and Immune-mediated Diseases, Istituto Superiore di Sanita, Italy
Fondazione Maugeri ,Tradate

Universita di Brescia...

Hain Lifescience , Germany

Cepheid, USA

ST Microelectronics, Italy

Veredus Laboratories, Singapore



	Diapositive numéro 1
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	Diapositive numéro 22
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	Diapositive numéro 26
	Diapositive numéro 27
	Diapositive numéro 28
	Diapositive numéro 29
	Diapositive numéro 30
	Diapositive numéro 31
	Diapositive numéro 32
	Diapositive numéro 33
	Diapositive numéro 34
	Diapositive numéro 35
	Diapositive numéro 36
	Diapositive numéro 37
	Diapositive numéro 38
	Diapositive numéro 39



