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Situace TBC B cuioss

REPORT

Na tuberkulozu ve svété rocné umira dle
WHO Global Tuberculosis Report 2022 (data 2021)
1,2 miliont (2019) vs 1,4 miliont (2021) lidi zemrelo
6,4 milionl lidi se odhaduje, ze ma aktivni TB (2021)
Déti do 15 let tvofrily 14% z celkovych umrti na TB v roce 2021

> 500,000 novych (MDR/RR-TB) pripadi, kde je prokazana
multirezistence nejmene na 2 antimikrobika a rifampicin (RR)

V zemich EU je stav pomérné priznivy (10,5 (2019) notifikovanych TB
na 100 tisic obyvatel; zdznam ze 30 statd EU/EEA vs 7,4 (2021;29
statl (bez UK) ...

Ale celkové Evropa (véetné statd mimo EU/EEA méla 25 / 100 tisic
?? Bias - podhlasenost v disledku COVIDu ??
Tuberculosis surveillance and monitoring in Europe 2023 - 2021 data (europa.eu)
s Koinfekce TBC a HIV 14,8% testovanych (38 zemi Evropy, tedy EU/EEA + dalSi zemé)
= Podreportovani pfipadl z véznic (jen 17 statl hlasilo 2019 -> zlepseni 26 statd 2021)

V CR - CR vyskyt choroby 3,3 pfipadl na sto tisic obyvatel (2021)
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Situace v CR - 1
dostupna

Czechia

TB cases, 2021

I  Total population at 23 April 2022 by EUROSTAT: 10 701777

ata 2021 (publik. 2023)

Drug resistance surveillance and TB/HIV

coinfection, 2021

Treatment outcome monitoring

Notifications Geographical National
Total number of cases 357 Completeness of DRS data® Yes coverage .
Notification rate per 100000 3.3 Completeness of HIV data® Yes Outcome cohort Eillr:nijurlgﬂe‘l' OEE‘;E':SE AlLRR/MDR-TB cases
New® and relapse 357 Case-linked data-reporting Yes notified in 2020° notified in 2019*
New® and relapse notification rate 313 Easles with DST results — 78 (93.3%) Case-linked Yes _
per 100000 Estimated RR-TB among notified data-reporting
Pulmonary 321 (89.9%) ?gccr:;ieoslurqgigzlsl;l ﬁglﬁm&_ﬁ pulmonary n [7-14] Cases notified 239 8
of which microscopy-positive m (53.3%) Pulmonar-,-,RE,.’MDR-TB cases nofified 9 (3.5%) Success 152 (63.6%) 4 (50.0%)
of which laboratory-confirmed 271 (B4.4%) of which pre-XDR-TB cases 3 (22.2%) Died i (17.2%) 1 (12.5%)
Laboratory-confirmed TE cases 198 (83.5%) Notified RR/MDR-TB 0 (3.6%) Failed 1 (0.4%) 0 (0.0%)
Mean age of new native TB cases 52.8 years ofwhich p.re-:&[JR-TE I 3 {-IU.D%] Lost to follow-up El (13.0%) 1 (12.5%)
Mean age of new foreign TB cases 40.1years IB cases tested for HIV 2 (59.4%) Still on treatment 9 (3.8%) 0 (0.0%)
Foreign origin of all TB cases 132 (37.0%) HIV-positive T8 cases - (3.3%) Not evaluated 5 (2.1%) 2 (25.0%)
New (not previously treated) 332 (93.0%) oFthese on ART B _ I
Estimates :
[ﬁ?.,.!ﬂﬂ?éﬂ]new and relapse cases N, best 400 [350-470] all TB
Cases with unknown previous TB history included in new cases

New and relapse TB cases - notification rates by age group,
2012-2021

TB notification rates by previous treatment history, 2012-2021
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Situace v CR - I
dostupna data 2021 (publik. 2023)

TB cases by geographical origin, 2012-2021 TB/HIV coinfection, 2012-2021
=Native ==Foreign origin Unknown ==H|V testing coverage All TB cases
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Klasifikace TBC

= "klasické citlivé" formy TBC citlivost na zakladni sadu
antituberkulotik

= multirezistentni tuberkuléza (multidrug-resistant TBC - MDR
TBC) charakterizovana rezistenci minimalne na dve nejuginneﬂ'sll
leCiva isoniaziq a rifampicin => odhad techto MDR TBC pul milionu

novych pripadu rocné

= extrémné rezistentni tuberkulézy (extensively drug-
resistant TBC- XDR TBC ). V techto pripadech jde o kombinaci

MDR TBC rezistenci na fluorochinolony a soucCasne jesté jeden z
injekCnich pripravku, kapreomycin, kanamycin nebo amikacin.

= totalné rezistentni TBC (totally drug-resistant TBC- TDR
TBC). Je to dosud nejzavaznejsi varianta TBC. Je definovana
rezistencl na vsechna antituberkulotjka prvni a druhe rady. Prvni
pripady byly popsany u pacientu z ruznych zemi Asie - Iranu, Iraku,
Afghanistanu.



Esencialni antituberkulotika
|&¢ivé pripravky prvni volby CR — SEAI 2020

ESENCIALNI ANTITUBERKULOTIKA

ZAKLADNI ANTITUBERKULOTIKA

NAZEV LECIVE LATKY

LEKOVE FORMY

ZD0VODNENI

efambutol (JI4AKD2)

Tekuta peroralni forma: 25 mg/ml [¢]

Tablety: 100 mg - 400 my {hydrochlond)

Peroralni tekutd forma: 50 mg/ ml [c]

isoniazid (JO4ACDT) Tablety: 100 my a2 250 mg
[\ forma: 250 ma; 500 mg
ritampicin (J04AB02) Peroralni tekuta forma: 20 mgiml [c]
streptomycinid01GAD) Pridek pro injekce: 1 g (sulldl) v lahvicce
pyrazinamid (JO4AKD1) Tekuts peroralni forma: 30 ma/ml [c]
Tablety (rozpusieé): 150 mg
Tablety: 400 mg
rifampicin (J044B02) Pevnd perordlni forma: 150 mg; 300 mg

Peroralni tekuta forma: 20 mgiml [c]

rarantarilng farme

Lécivé pripravky proni volby



Esencialni antituberkulotika
léCive pripravky alternativni volby u
multirezistentni tuberkulozy CR - SEAI 2020

SPECIALNI ANTITUBERKULOTIKA

NAZEY LECIVE LATKY LEKOVE FORMY ZD(VODNENI
amikacin (J01GB06) Pragek pro injekce: 100 mg; 500 mg; 1 o (sulfal) v lahvicee
¢lofazimineg (JO4BADY) Tobolka: 50 mg
ofloxacin (JO1MAD1) Tablety: 200 mg

p-aminosalicylova kys. (JI4AAN)

Granule: 4 g v sacku

Tablety: 500 mg

tifabutin (J04ABO4)

Tobolka: 150 mg

ritampicin (J04AB02)

Pragek pro Lv. injekee (sodnd sl 300 mg; 800 mg

bedaquiline (JO4AKD2)

Tablety: 100 mg

Infuzni roztok: 400 mg/250 ml

Alternativni &¢ivé pripravky pro 1&cbu multirezistentni tuberkuldzy

moxifloxacin (JO1MA14) Tablety 410 g

NAZEV LECIVEHO PRIPRAVKU LEKOVE FORMY ZDUVODNENI
capreamyein (JO4AE30) Pragek pro injekee: 1 g (sulfal) v lahvidee
cykloserin (JO4AB01) Peyna peroralni forma: 250 mg
dapsan (JO4BAD2) Tablety: 25 mg; 50 mg; 100 mg Alternativni [&¢ivé pripravky pro 1&cbu multirezistentni tuberkuldzy
ethionamid (J04AD03) Tablety: 125 mg; 250 mg

kanamyein (J01GB04)

Pragek pro injekce: 10 (sUlfal) v lahvidce.




Tuberkulinovy test a vakcina -
stav 2018

TUBERKULINOVY TEST A BCG VAKCINA

Iiuberkulinwjf fest (VO4CFO1) Test pro diagnostik tuberkuldzy, indikaci proflaxe a ofkovéni prot
PPDTUBERCULIN MAMMALIAN, BE- tuberkuloze (Mantoux) Pazn Do budouciho seznamu esencizinich vaken
NCIPD Ltd, Injekee, vialka a 1ml (10 davek), 50 TU PPD = § TUR,ml (na dévku) g Imunoprenaratl

EESZ?FI{IEET{ET:ZTSI)WGRUELI o Ockovaci latka profi uberkuloze Pozn Do budoucifo seznamy

506 10, BIOED-LUBL :ée:ce, 1 vialka = 10 davek, 0,1 ml (1 dévka)150000-160000 Zivyrch fybinek |esencidinich vakcin & Imunopreparaty




Mechanizmus Ucinku anti TB |éCiv
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Mechanizmus Ucinku anti TB leciv
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Zakladni (esencialni)
antituberkulotika

m [soniazid

m Rifampicin

m Ethambutol
m Pyrazinamid

B

| 5l A s |
m Streptomycin (se dnes pouzivéa vétsinou pouze

u rezistentni TB a pri recidivach onemocnéni, pripadné
jeste u TB centralni nervove soustavy).




Esencialni antituberkulotika 1:

(1) Izoniazid
m baktericidni, vysoka ucCinnost,

m jsou schopny jesSté 5-6 dni inhibovat rust kmenu
mykobakterii, 1 kdyz jejich hladina v téle poklesla
pod MIC

m mechanismus uc¢inku zaloZen na inhibici syntézy
kyseliny mykolove, akumulace [ZO v bunce + zasah
do metabolismu bakterie prostfednictvim
interference s kyselinou nikotinovou a NAD

m pi1 dlouhodobém podavani Gi€inek na CNS — l1ze
zmirnit podavanim pyridoxinu



Esencialni antituberkulotika 2:

(2) Rifampicin
m baktericidni

m uCinek na syntézu bakterialni DNA — pusobi na
DNA dependentni RNA polymerazu

m neni zktfizena R s ostatnimi antituberkulotiky

B S vyznamem zejmena u pomalu se mnozicich
mykobakterii pfitomnych ve zbytkovych l¢zich,

m farmakokinetika umozni okamzité a rychlé pusobeni
po podani

B pozor na ztratu u¢innosti peroralnich kontraceptiv !

m Pozor barvi do Cervenooranzova moc¢, sputum, slzy




Esencialni antituberkulotika 3:

(3) Pyrazinamid
m baktericidni, zeyména v kyselém intracelularnim prostredi,

m kumuluyje se jako pyrazinkarbonova kyselina v bakterialnich
bunkach,

m naruseni metabolismu prostfednictvim energetické
disbalance, naruSeni membran mykobakterii — naruSeni trans-
translace => cile v MTB bunce synthasa I — mastn¢ kyseliny,
ribozomalni protein S1)

m uplatnéni zejména pii prevenci recidiv, nasazuje se Casto
v 1nicialni terapii,
m znacna hepatotoxicta



Esencialni antituberkulotika 4:

(4) Streptomycin

baktericidni, zeyména uCinny na rychle se mnozici kmeny

V CR dnes dovoz pouze na vyjimku, spise uplatnéni u
recidivujicich pripadu

vzhledem k rychle vznikajici R uziti pouze v kombinaci s jinymi
antituberkulotiky

monoterapie streptomycinem miuize vest k tzv.

fall and rise fenomenonu - kmeny zni¢eny nebo alespofi

inhibovany ve sputu, ale v kavernach a loziscich selekce

rezistentnich mutant vedoucich ke znovunavraceni  onemocnéni
poskozeni 8. mozkového nervu => poskozeni vestibularniho
aparatu a pozdéji 1 nervus acusticus, hluchota, ireverzibilni



Esencialni antituberkulotika 5:

(5) Etambutol

m bakteriostaticky, zasahuje do syntézy bunécné
stény mykobakterii inhibici arabinogalaktanu

m vhodny pouze ke kombinované terapu

m pi1 dlouhodobém uzivani poruchy zraku:

m retrobulbarni neuritida se snizenim zrakové ostrosti, zaZzenim zorného
pole, centralnim nebo perifernim skotomem a Cervenozelenou
barvosleposti



RIFAMPICIN a PYRAZINAMID

jsou schopny tzv.
sterilizace tkani od mykobakterii
- zabiji 1 tzv.spici mykobakteria (ktera diky
sv¢é minimalizaci metabolismu a jakesi

hybernaci nemetabolizuji a nejsou a ni
vnimava k u¢inku jinych antituberkulotik)



m V¢tSina Ieku zeyména v kombinované terapii:
® sluSn¢ UCinna
m diky moznost1 n1z$i davky nez pi1 podani
samostatnych preparatu se kromé sniZeni
pravdépodobnosti
* selhani 1éCby
* narustu rezistence

* také snizi pravdépodobnost toxického plsobeni.



Kritické koncentrace
antituberkulotik in vitro :

m Preparat Kritickd koncentrace / mg/ml /
m [zoniazid 0,20
m Rifampicin 5,00
m Pyrazinamid 400,00
m Streptomycin 5,00

m Etambutol 2,00



Antituberkulotika u deti

= EMA uzavrela prezkum doporuceného davkovani
antituberkulotik u deéeti (Gnor 2012)

s Vybor CHMP konstatoval, ze definovat davkovani
antituberkulotik volby je u deti obtizné pro omezenou
dostupnost dat a dalsi limitujici faktory.

m Prezkum nicméné ukoncil souhlasem s nasledujicim
navrhem WHO pro |éCivé pripravky s obsahem:

Etambutol: 20 (15-25) mg/ml
Isoniazid: 10 (10-15) mg/ml
Pyrazinamid: 35 (30-40) mg/ml
Rifampicin: 15 (10-20) mg/ml



Kratkodoba sterilizacni terapie

Dvé faze : Inicialni nemocnicni a pokracovaci ambulantni

Kratkodoby rezim :
m Po celou dobu terapie RFP
Inicialné Ctyflekova kombinace : 1) INH, RFP, PZA, EMB
nebo  2) INH, RFP, PZA, STM
m intermitentné 3 X tydn€ nebo denné , délka 2 (eventuelné az 3) mésice
m pro sniZzeni neurotoxicity INH — pyridoxin

Pokracovaci dvoul¢kove : 1) INH, RFP (+ pyridoxin)
m Pacienti BK + 6 mésicu
m Pacienti aktivni tbc (RTG, klinika) ale BK - 4 mésice

m BK (= kultivacné M. tuberculosis)



Zkraceny rezim :

m Pri alergii nebo jinych toxickych projevech RFP :
m Inicialné jen trojkombinace, nebo STM nahrazeni RFP

m Pokracovaci dvoulékoveé : INH, STM (+ pyridoxin)

m Pacienti BK + 9 mésicu
m Pacienti aktivni tbc(RTG, klinika) ale BK - 7 mésicu



12 mésicni rezim :
m pi1 siln¢ toxicité a nesnasenlivosti RFP, u velmi
starych nemocnych aj.

m Ctyfkombinace bez RFP nebo trojkombinace, denni
rezim, delsi hospitalizace



Rezistence :

m Kmeny Mycobacterium tuberculosis, rezistentni
minimalné na dvé ATB uz lze povazovat za
multirezistentni,

m nejCastéji R na kombinaci antituberkulotik 1zoniazidu a
rifampicinu
m |ze se ovSem setkat s kmeny, kter¢ jsou rezistentni 1
na vice antimikrobnich latek z fady antituberkulotik
soucasné (kromée 1zoniazidu a rifampicinu, rezistence
take na streptomycin, pyrazinamid a etambutol).



Rezistence vs. terapie

m Jelikoz testovani citlivosti in vitro neni
kratkodoba zaleZitost, je nutno 1é¢bu
pacientu zahajit empiricky - tedy jako
kauzalni antituberkulotickou terapii.

m Proto je nutne vyhledavat dalSi preparaty, na

ktere j
MDR

sou tyto kmeny oznaCovan¢ jako
(Multi Drug Resistant) citlive a

kterymi je mozno tyto kmeny usmrtit.



Second-line Drugs (SDL)

m Preparaty ucinne na MDR kmeny jsou fazeny mezi
takzvan¢ Second-line Drugs (SDL) - pro leCbu
TBC jsou v naSich 1 zahrani¢nich pracech uvadény
pripravky obsahujici tyto ucinné latky :

Vybrana antimikrobika (viz dalsi snimek) povaZzovana za Gi€inna
pro 1éCbu MDR TB ... nez priSly kmeny XDR TB a TDR TB).



MDR-TB rezistence na Isoniazid a
rifampicin: leky druhé linie

credit the National Institute of Allergy and Infectious Diseases



Leky doporucovane pro lécbu

onemocnéni vyvolanych kmeny MDR-TB

Skupina Lék Zkratka

Skupina A: Levofloxacin nebo Lfx

Pokud mozno, maji byt pouzité vSsechny tii | Moxifloxacin Mfx
Bedaquilin Bdq
Linezolid Lzd

Skupina B: Clofazimin Cfz

Pokud mozno, pfidat oba léky Cycloserin nebo Terizidon | Cs nebo Trd

Skupina C: Ethambutol E

Pouzit na doplnénilécebného rezimu Delamanid DIm

v pfipadé, pokud nelze pouzit Pyrazinamid 7

léky ze skupiny Aa B : : :
Imipenem-cilastatin nebo | Ipm-Cln
Meropenem Mpm
Amikacin (nebo Am
Streptomycin) (S)
Ethionamid nebo Eto
Prothionamid Pto
p-aminosalicylova kyselina | PAS

Wallenfels et. Al, 2018; Klin Farmakol Farm 2018; 32(4): 10-14




Extréemné rezistentni tuberkuloza

m DalSim poymem, se kterym se od r. 2006

setkavame ve spojitosti s tuberkuldzou jsou
tzv. XDR TBC extrémné rezistentni
tuberkuloza (resp. kmeny, ktere jsou
rezistentni 1 na antimikrobni latky z tzv.
second — line.

m Od roku 2009 pak tzv. totalné rezistentni
tuberkuloza TDR TBC



XDR-TB rezistence - nefunkcni
RIF, ISO, FQ, AMG: lé¢ebné
moznosti

KoY.
Mycobacterium tube ai -
r e 2 i -n ° :
| = Sl 3>
~———— -
Newly Introduced Drugs: 7y
« Bedaquiline i 4
* Delamanid - _

credit the National Institute of Allergy and Infectious Diseases




Pozadavek na vyhrazeni
farmak jen pro TBC

m Pozadavek 1¢karu zainteresovanych do 1€Cby
TBC - domluva s ostatnim1 obory a ponechani
tzv. farmak vyhrazenych pouze pro 1écbu
TBC . Viz obrovsky narast R u rifampicinu
pr1 jeho pouzivani v pneumologii k terapu
infekci plic (a snad 1 souvislost s pouzitim ve
veterinarni medicing).



The global clinical development pipeline for new anti-TB drugs and drug regimens to treat

TB disease, August 2020

BTZ-043°
Macozinone®
OPC-167832"
SPR720°
TBAJ-876
TBI-166
TBI-223
ACTG AB312

GSK-3036656"

Telacebec (Q203)°

TBA-7371"

Delpazolid (LCB01-0371)

SQ109

Sutezolid

High-dose rifampicin for drug-susceptible
TB (PanACEA)

Bedaquiline and delamanid

(ACTG 5343 DELIBERATE trial)
Bedaquiline and pretomanid with existing
and re-purposed anti-TB drugs for MDR-TB
(TB PRACTECAL Phase II/11l trial)

Shorter regimens including clofazamine
and rifapentine for drug-susceptible TB
(CLO-FAST trial)

Pretomanid-containing regimens to
shorten treatment for drug-susceptible TB
(APT trial)
Delamanid-linezolid-levofloxacin—
pyranzimamide for fluoroguinolone-
susceptible MDR-TB (MDR-END trial)
Levofloxacin with OBR® for MDR-TE
(Opti-Q)

4-month treatment for drug-susceptible
TB (PredicTB trial)

High-dose rifampicin for TB meningitis
(ReDEFINe)

Multiple adjunctive host-directed TB
therapies for drug-susceptible TE (TBHDT)

Bedaquiline (TMC-207)®

Delamanid (OPC-67683)®

Pretomanid

Clofazimine

High-dose rifampicin for treatment of drug-
susceptible TB

Rifapentine for treatment of drug-susceptible TB
Bedaquiline—delamanid-linezolid-levofloxacin—
clofazimine (6-month oral regimen for RR-TB) or
bedaquiline-delamanid-linezolid—clofazimine
(6—9 month oral regimen for pre-XDR and XDR-TB)
(BEAT TB trial)
Bedaquiline—pretomanid-moxifloxacin—
pyrazinamide (BPaMZ) (SimpliciTB trial)
Bedaquiline—pretomanid-linezolid (NiX-TB trial)
Bedaquiline—pretomanid-linezolid (ZeNix trial) -
Linezolid optimization

Bedaquiline with two OBRs® (all-oral, 9 months; with
injectable, 6 months) (STREAM trial)
Bedagquiline-linezolid-levofloxacin with OBR® for
MDR-TB [NEXT trial)

Bedaquiline and delamanid with various existing
regimens for MDR-TB and XDR-TE (endTB trial)
Bedaquiline-delamanid-linezolid-clofazamine for
fluoroguinolone-resistant MDR-TB (endTB-Q)
Rifapentine—moxifloxacin for treatment of drug-
susceptible TB (TB Trial Consortium Study 31/A5349)
Several 2-month regimens for drug-susceptible TB
(TRUMNCATE-TB trial)

XDR-TH = combnngd rasstince (o nlampein, 3ominhd, § Bucrogumolons snd sn snpciabla agam

b My dreg compounds 8o hated heat, follovaid by repurpaiad druegs and then by regemaeng

¥ Maw chereisl Slgs
Optirmined Backgoursd regeran

Sowrcs: Adagted from the Wodking Graug 60 Maw TE Ddegs ppebnge. Mane information on theds picducts and othed angowrg projects can be fownd &1 FHp e

nrwbiegs. anglppaling, php




Nové typy anti TBC |écCiv, nékteré z
nich ,repurposing”

credit the National Institute of Allergy and Infectious Diseases



Nova antituberkulotika (I)

Bedachilin

m Diarylchinolon

m Pro lIécbu dospélych > 18 let, nutno kontrolovat
elektrokardiogram,

= doba podavani 24 tydnd
m vzdy v kombinaci alespon se ctyrmi dalsimi ATM s
citlivosti u izolatd MDR- TB,

= Je metabolizovan enzymem CYP3A4 (proto
nekombinovat s induktory tohoto enzymu napfr.
rifampicinem... i kdyz as ohledem na fakt, ze MDR
kmeny jsou rifampicin R, neni to pravdépodobné)



Nova antituberkulotika (II)

= Delamanid
= Dospéli pacienti
= MDR-TB
= doba podavani 24 tydnd
= Malo ucinny na XDR kmeny

= Monitorovani - elektrokardiogram v
prubé&hu 1é¢by
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£ A-7 disease list
Tuberculosis
Facts
Communication
Prevention and control
Surveillance and disease data
Threats and outbreaks
Microbiclogy
Antimicrobial resistance

World Tuberculosis Day

A-Z disease list = Tuberculesis

Tuberculosis

Translate this page

Tuberculosis (TB) is a severe infectious disease caused
by various strains of mycobacteria, most

commonly Mycobacterium fuberculosis. TB affects the
lungs (pulmonary tuberculosis), but can also manifest
outside the lungs (extrapulmonary tuberculosis).
People are infected with TB by inhaling airborne

droplets produced by infectious TB carriers - for
example when coughing or sneezing. Latent
tuberculosis infection (LTBI) carriers are asymptomatic and net infectious. About 10% of those with LTBI develop

active TB. Read more facts about tuberculosis

Latest updates

Reports and news Maps Infographics Peer-reviewed publications

ECDC: On Air - Episode 34 - Yes! We Can End TB!
News story - 24 Mar 2023

World Tuberculosis Day 2023
B 24 Mar 2023



TB notifikace, EU/EEA, 2021

‘R\g., World Health

TB notifications, EU/EEA*, 2021 5@ "Q‘L‘JOrgamzanon

European Region

|
33 520 TB cases T8 cases per 100 000 population
notified in 29 il o ‘
EU/EEA countries B 100- 199 g e
Il z00- 395 - S
Notification rate — i - ¥
7.4 per 100 000 '
population (range oot S
1.9 = 41.6) B tara Liechtenstein

* Iceland did not report data for 2021.
Source: ECDC/WHO [2023). Tuberculosis surveillance
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Notifikované pripady -
pokles 2012 - 2021

Notified TB cases, EU/EEA*, 2012—2021 &eﬂg& (&) Orineann

[ [ European Region
70 000 Bl TB cases «==TB notification rates per 100 000 population 20
18
60 000
16
Continuous decline 66000
between 2012 and 14
2021: " 12 8
- Number of TB g 40000 =
cases @ 105
decreased by 30 000 g 2
45% @
- Notification 20 000 6
rate decreased 4
by 45% 10 000
2
-0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year of reporting

* Latvia did not report data for 2018, 2019 and 2020; Liechtenstein did not report data for 2019; and Iceland did not report data for 2021.

Source: ECDC/WHO (2023). Tuberculosis surveillance and monitoring in Europe 2023-2021 data




TB notifikacni pomeéry dle pohlavi
a veku EU/EEA, 2021

Nejvice notifikovanych: skupina 25-44 years (9,4 per 100 000)

Muzi vyrazneé vice ve vSech skupinach nad 14 let

mmMale mmFemale —Total age group

TB cases/100 000
o o o o 0

N

o

0-4 5-14 15-24 25-44 45-64
Age group
* Iceland did not report data for 2021.

Source: ECDC/WHO [2023). Tuberculosis surveillance and monitoring in Europe 2023-2021 data
E



TB u déti mladsich 15 let,
EU/EEA, 2021

1 116 T8 u deti mladsich 15 Jet T8 case er 100 000 chidren

3,3% 26 véech hlaéenych T8 prinadl (nepffé. s o

staty isou rozdily, rozmez 0-29,9%) —H-— | '

Countries not visible

1,62 300 000 v ramei populace G (napric o< ron oo : ‘
staty jsou rozdily, rozmezi 0-9,3) i

* Iceland did not report data for 2021.
Source: ECDC/WHO {2023). Tuberculosis surveillance and monitoring in Europe 2023-2021 data

The bourdaries and narmes shown an thee map do not mply ofical endorsement o sccoptance by e Eurcpean Urmion, Map produced by ECOC on 3 March 3023

Source: ECDC/WHO (2020). Tuberculosis surveillance and monitoring in Europe 2022 : 2020 data



Extrapulmonarni TB
FU/EEA, 2021

7 026 notifikovanych bylo extrapulmonarni TB

21% vsech TB pripadl (velké rozdily mezi
staty, rozmezi 0,0 - 45,2%)

Proportion of extrapulmonary TB cases
0.0 to 9.9%

B 10.0 to 19.9%

B 20.0 to 29.9%

B :z0.0%

77 No data reported

Countries not visible
in the main map extent

s Liechtenstein




MDR TB, EU/EEA,2021

(pripady, kde byly dostupné testy citlivosti na IécCiva)

RR/MDR TB cases with available DST &ﬁ (@) o Heatt
I'eSI.IltS, EUIEEA*’ 2021 17*‘ Europcan Region

770 RR/MDR TB Proportion of RR/MDR TB cases among
cases notified by 29 _—
EU/EEA countries* o

among cases with — ot

available DST results =s.o o 95%

4.1% of all TB cases Mo et repaed

with available DST™ Countrics et vichie

results had RR/MDR in the main map extent
TB (range 0.0- R e T e
28.0%, excluding

France)

* Data from France induded in the total cases notified and percentage, but not induded in the
range or the map, as DST results are only available for RR/MDR TB cases.
Iceland did not report data for 2021,
DST - drug susceptibility test.

AdmniiTIw boundares: © FurnGeographics
The boundaries and names shown on this map o not imply offical endorseme—t o acorptance by the European Union. Map produced by ECDC on 178

Source: ECDC/WHO (2020). Tuberculosis surveillance and monitoring in Europe 2020-2018 data 0 .
Percentage of RR/MDR TB cases



Pre- XDR pulmonarni TB
EU/EEA, 2021

28,5 % z RR/MDR TB ptipadd, u kterych bylo
provedeno testovani citlivosti k 1ékdim druhé volby
(second line) bylo pre - XDR ( velké rozdily
mezi staty)

Proportion of pulmonary pre-XDR TB cases among
RR/MDR TB cases with available 2nd line DST results

Lero cases

£ 1.0%%

1.0 10 9.9%
B 0.0 to 14.9%
B 0t 249%
B o

Mo data reported

Countries not visible
in the main map extent

Mailta Lischtenstein

Source: ECDC/WHO (2020). Tuberculosis surveillance and monitoring in Europe 2020-2018 data



Tuberkuléza % notifikovanych pripadi s RR/MDR v ramci plicni
formy TBC v Evropé (vcetné statli mimo EU/EEA)
v roce 2021 : publikovano 2023

Map 2. Percentage of notified TB cases with RR/MDR among new pulmonary laboratory-confirmed TB cases, European
Region, 2021

a2
E12-6
- 714
. 1530
. 0
I Not included or not reported

Mon-visible countries
= Andorra
JLiechtenstein
1 Luxembourg

[ Malta

I Monaco

[15an Marino



http://www.uzis.cz/rychle-informace/tuberkuloza-evrope-roce-2009-zaklade-vysledku-tuberculosis-surveillance-europe
http://www.uzis.cz/rychle-informace/tuberkuloza-evrope-roce-2009-zaklade-vysledku-tuberculosis-surveillance-europe
http://www.uzis.cz/rychle-informace/tuberkuloza-evrope-roce-2009-zaklade-vysledku-tuberculosis-surveillance-europe
http://www.uzis.cz/rychle-informace/tuberkuloza-evrope-roce-2009-zaklade-vysledku-tuberculosis-surveillance-europe

Uspé&snost |é¢by pripadl z roku
2020 (v roce 2021), EU/EEA

v v (o] J 4 v Vs v v Yo % v s O
71,7% vsech TB pripadu*, ktere mely uspesnou lecbu do 12 mesicu od dg
Liechtenstein
Malta
Norway
Slovalkia
Lithuania
Netherlands
Romania
Estonda
Germany
Slovenia
Portugal
Sweden
Austria
Crechia
EU/EEA
Belgium
Hungary
Spain
Croatia
Cyprus
Luxem bourg
Denmark
Finland
Iceland
Iredand

=]
e
=
Bt
=

30 40 50 60
Percentage of treatment success

8
8

Six EU/EEA countries did not report freatment outcome data: Bulgaria, France, Greece, Italy, Latvia, Poland.
Iceland did not report data for 2021; 2020 data contained information on treatment success.

Source: ECBC/WHO-(Eaz'bf:I:ixlbﬁér'o:’:;l‘c;s?s‘s-Jrv'eiIIanc-e and monité'ring in Eurbpe 2020-2018 data




Czechia

Total popakition a1 13 Al 1uza by ELROSTAT: 4701 777

T cases, zoz1

Brrug resistance surveillance and TB/HIY
coinfection, 2021

Complatunuss of RS it

Ukraine
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Treatment oetcome monitoring
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Databaca: 43531412
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Vyvoj poctu hlasenych onemocnéni TBC
na 100 000 obyvatel
Trend of notified cases of TB per 100 000 inhabitants

120
w +--------—-—--—-- @ Recidiva TBC jina / Other TB - relapses ]
50 O Nové zjisténa TBC jina / Other TB newly diagnosed
O Recidiva TBC DU / TB of respiratory system - relapses
60 1 AN\ ST B Nové zjisténa TBC DU / TB of the respiratory system - newly diagnosed | |

40 S S M o - o

20 1

0
AT < R « S\ SR\ PR SR~ - B AN o v
S P ELFEE ST

Pozn. Graf prestoze zde nejsou nejnovéjsi data ukazuje na dlouhodoby trend (>40let)



Age sfructure of TB cases

Struktura TBC podle véku
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Typy TBC v CR-2014

Struktura hlaseneé TBC podle diagnoz
Structure of TB by diagnoses

TBC pleunfis
: TBC nitrohrudnich .
T”bem";“;’;"’mf T Ostatni TBC DU
TB of intrathoracic Other T8 of the
lymph nodes respiratory system

2.3%
1.0% TBC penferni
lymfadenopatie

TB of
lymphadenapathy

4 3%
Jina TBC
Other TB | TBC kosti a kloubu
TB of bones and joints

21%

Ostatni TBC jina
Other TB, nof
mentioned
3.3%

TBC plic
Pulmonary TB
83,3%



Lecba TBC onemocneni-
priklad z CR s daty 2014

Podle vysledku kontrolnich hld$eni- Registr TBC:
trvala lécba nemocnych antituberkulotiky (2014):

do 26 tydnu (46%), 27-39 tydnu (43%)
95% pfipadu reportovano jako vylééenych

Hospitalizace nemocnych probihala v nejvice
pripadech (36%) po dobu 61-90 dnu.

Nejbéznéji podavanymi antituberkulotiky byly
isoniazid a rifampicin.

Rezistence 2015: celkem 368 vySetienych pacientU

» R izoniazid 20 (5,4 %)
s R streptomycin 15 (4,1 %)
= R rifampicin 10 (2,7 %)

s R ethambutol 5(1,4 %)



Statistiky TBC CR

(R ()  https://www.uzis.cz/index.php?pg=vystupy--tematicke-rady&id=777 A 8 &

Q cs/en

Ustav zdravotnickych informact a statistiky CR CovID-19 0O NAS NZIS KONFERENCE KOMUNIKACE S UZIS AKTUALITY

[jZIS Institute of Health Information and Statistics of the Czech Republic

Registry a sbér dat Statisticke vystupy

Statistika zdravotnich sluzeb » . o
Tematicke rady

Statistika vybranych obord ) .
lékaFské péce Tuberkuléza v CR

Statistika vybranych

ekonomickych témat 4 Zdkladni prehled epidemiologické situace ve vyskytu tuberkulozy v CR v roce ZOZIV
Zakladni prehled epidemiologické situace ve vyskytu tuberkulézy v CR v roce 2021 zobrazit
Vyznamna témata a analyzy » Basic Overview of Tuberculosis Epidemiology in the Czech Republic in 2021

Souhrnné reporty
Zdkladni piehled epidemiologické situace ve vyskytu tuberkulézy v CR v roce 2020

Mezinarodni srovnani .
Zakladni prehled epidemiologické situace ve wyskytu tuberkuldzy v CR v roce 2020 zobrazit

Knihovna a archiv Basic Overview of Tuberculosis Epidemiology in the Czech Republic in 2020

Tematické fady

Doporuéené ¢ldanky

Zdkladni piehled epidemiologické situace ve vyskytu tuberkulézy v CR v roce 2019

Zakladni pfehled epidemiologické situace ve wyskytu tuberkulézy v CR v roce 2019 zobrazit
Rodicka a novorozenec 2016-2021 Basic Overview of Tuberculosis Epidemiology in the Czech Republic in 2019

Spusténa ceskd verze e-

learningového kurzu k .
Mezindrodni klasifikaci funkénich Zdkladni prehled epidemiologickeé situace ve vyskytu tuberkulézy v CR v roce 2018
schopnostt, disability a zdravi
Publikace strucnyich prehledii
¢innosti vybranych obori zdravotni
péce

Zakladni pfehled epidemiologické situace ve wyskytu tuberkulézy v CR v roce 2018 zobrazit
Basic Overview of Tuberculosis Epidemiology in the Czech Republic in 2018




Situace CR 2021

m 2021 hldseno celkem 357 onemocnéni tuberkuldézou vsSech forem a lokalizaci,

= 3,4 pripadu na 100 000 obyvatel - dlouhodobé trend poklesu, CR zemé s nizkym
vyskytem TB

322 pripadi (90,2 %) plicni TBC, mimoplicni TBC byla hldsena u 35 osob
Vyskyt TBC je mnohem ¢asté&jsi u muzli neZ u Zen (muzi 70 % pripadd

Vék nejCastéji 55-59 let muzi a Zeny 25-29 let a 90 a vice let.
2020/2021 vzrostl pocet nemocnych ve véku do 14 let.

132 (37%) nahldsenych osob narozenych mimo CR s onemocnénim TBC.

m  Nejvice nemocnych pochazelo z Ukrajiny (35 osob), Rumunska (17 osob),
Slovenska (15 osob), Vietnamu (15 osob), Mongolska (12 osob) a Indie (10 osob)

= Citlivost testovana ze vzork( od 274 pacientd
= 26 pfipadd (9,5 %) rezistence na isoniazid,
= 24 piipadu (8,8 %) rezistence na streptomycin,
= 8 pfipadd (2,9%) rezistence na pyrazinamid
= 11 pfipadd (4,0%) rezistence na rifampicin
= 7 ptipadd (2,6%) rezistence na etambutol

m Multirezistence byla zjisténa v 10 pripadech (3,6 %).



Testovani citlivosti
Mycobacterium tuberculosis na
zakladni antituberkulotika

Souhrn z:

"Navrhu doplnéni DoporuCenych standardnich
metod v mikrobiologii mykobakteridlnich
infekci"

m Zdroj: Havelkova M., Mezensky L., :Testovani citlivosti
Mycobacterium tuberculosis na zakladni antituberkulotika -
Navrh doplnéni Doporu¢enych standardnich metod v
mikrobiologii mykobakterialnich infekci,

Zpravy CEM, 9/2003; 389 - 391



Do ,,Doporucenych standardnich metod v mikrobiologii
mykobakterialnich infekci* byly nové zaclenény v
souladu s nejnovéjSimi poznatky v této oblasti:

m Molekularné biologické metody ( zvlasté prukaz DNA/RNA
mykobakterii komplexu M. tuberculosis)

m Metody prikazu mykobakterii v riznych detek¢nich
systémech zaloZenych na metabolickych aktivitach (typ
Bactec nebo MB/BacT ("urychlena kultivace")

m Doplnéni 2003 - popis stanoveni citlivosti na zakladni
antituberkulotika v automatizovanych systémech Bactec

MGIT 960 (Becton Dickinson) a MB/BacT (Organon
Teknica).



% EUCAST S5,

Eusopean Secrny ol Dvvcal Mcomeasogy aod bokecines Diseases. (0

2019

Reference protocol for MIC determination of anti-tuberculous agents against
isolates of the Mycobacterium tuberculosis complex in Middlebrook 7H9

broth

Version 6.1. 4th of July, 2019,

Appendix 1. Plate outline (TH9 AMST In-house).

1. First step: Preparation of broth and anti-tuberculous agents:

1.1

1.2.

b B

. A 96-well U-bottom-shaped polystyrene plate should be used. Plates or tubes made of

polypropylene or other plastic material should not be used. When the plates have been
prepared they should be used as soon as possible (within the same day).

For each agent, MIC determination should be done by testing at least 8 concentrations
in separated wells to cover the full range of potential MIC values (outlined in Table |
and Appendix 1).

. Prepare Middlebrook 7H9 medium (7H9) from the base, according to the

manufacturer’s instructions. After the medium is autoclaved, allow to cool to 50°C in
a pre-warmed water bath before adding 10% OADC which should be pre-warmed to
room temperature (RT; 18-22°C). For each 96-well plate, 10 mL of ready-made
THY9/OADC broth is needed.

. A stock solution should be prepared as outlined in Table 1, by dissolving the active

agent in its solvent as recommended in the ISO-20776-1 standard or if not listed, per
recommendation by the manufacturer. As an example, if a stock solution of 10,240
mg/L is needed, 102.4 mg will be dissolved in 10 mL of the solvent if the potency of
the agent is 100%. The stock solution is then aliquoted into 0.2 mL/vials and may be
stored at -80°C for a maximum of 12 months unless otherwise specified by the
manufacturer. Thawed vials should not be reused. Record ordering and batch number
of all agents as well as date of stock solution preparation.

. Prepare a 4X working solution in two dilution steps in 7TH9/OADC from an aliquot of

a stock solution as outlined in Table 1 (example for isoniazid, levofloxacin and
amikacin).

. Add 0.1 mL 7TH%/OADC to all wells, except the peripheral wells, which will be filled

in by sterile distilled water, as described in Appendix 1, in order to prevent desiccation

during the incubation time.
Ayl 1 F iy F Vs b - ) - & 41 11 12 " Ll 1 1 "




EUCAST referencni metoda

m EUCAST referencni metoda MIC bujonova mikrodilucni
= puda Middlebrook 7H9-10% OADC

m final inoculum 10> CFU/mL susp, 1:100 (dvakrat desetindsobné
redéni) 0.5 McFarland suspenze (po rozmichani na vortexu,
kolonie se sklenénymi kuliCkami)

m U- tvar jamky, 96-jamkova desticka polystyren, sterilni, s vickem

m Inkubace 36° = 1°C.

m Odecet jakmile 1:100 rozfedé&na rlistova kontrola (i.e. 103
CFU/mL susp) vykaze okem patrny narust

m Mycobacterium tuberculosis H37Rv ATCC 27294 referencni kmen

s MIC range:
m 0.03-0.12 isoniazid, 0.12-0.5 levofloxacin a 0.25-1 mg/L amikacin.



Pro stanoveni citlivosti mykobakterii se
pouziva standardné :

tzv. proporc¢ni metoda podle Canettiho na
Lowenstein - Jensenoveé pudé bez Skrobu.

®m Vyhoda:
m relativni finanéni nenarocnost,

m Nevyhody:
m nestandardnost kultivacnich pud s antituberkulotikem,
m sniZeni U¢innosti antituberkulotika pi1 srazeni L-J pudy

m Cas - vysledky jsou znamy az po 4 tydnech



Nové tzv. "urychlené kultivace' a
automatizované systémy (viz vyse)

Automatizované systemy
m Nevyhoda

m drah¢ vstupni naklady a drazsi provoz
® Vyhody

m standardni vstupy

m standardni provedeni

m vysledek do 5. az 7. dne



Struc¢né princip postupu :

m Zkumavky s inokulem (hustota upravena dle
stupnice McFarlanda)

m Piidani prisluSnych suplementu
m Pridani antituberkulotika

m Kultivace a vyhodnoceni



Hodnoceni vysledkii :

m Citlivé kmeny (s citlivosti na vSechna zkouSena
zakladni antituberkulotika) - vysledek Ize thned
odeslat oSetrujicimu l¢kars.

= Kmeny se zjiSténou rezistenci na jedno nebo vice
antituberkulotik nebo nové zjisténé kmeny :

Ziehl-Neelsena - acidorezistentni tyCky bez kontaminace

 2) Vysledky odeslat 1¢kari s komentarem a oznadmenim,
Ze budou provedeny ovérovaci testy klasickou proporcni
metodou.

* 3) Shodu obou vysledku potvrdime klinikovi.

* 4) Neshodu vysledki - znovu rychlotest a po té
oznameni vysledku klinikovi



Xpert MTB/RIF a Xpert Ultra diagnostické

testy,
ktery muze byt inicidlnim testem pro plicni tuberkuldzu
(nahrazujicim mikroskopii a testovani citlivosti k rifampicinu)

Xpert MTB/RIF jako nahrazeni mikroskopie natért sputa:
Citlivost metody 85% vsSechny vzorky (mikr pozitivni i negativni). Specificita 98%
vSechny vzorky (mikr pozitivni i negativni). U HIV koinfikovanych citlivost 81%,
specificita 98%.

Xpert MTB/RIF jako nahrazeni fenotypového testu citlivosti
k rifampicinu:

Citlivost metody 96%, Specificita 98% vSechny vzorky ( ve srovnani s fenotyp testem)

Xpert Ultra jako nahrazeni mikroskopie natért sputa:

Citlivost metody 90% vsechny vzorky (mikr pozitivni i negativni). Specificita 96%
vSechny vzorky (mikr pozitivni i negativni). U HIV koinfikovanych citlivost 88%,
specificita 95%.

Xpert Ultra jako nahrazeni fenotypového testu citlivosti k
rifampicinu:

Citlivost metody 94%, Specificita 99% vsSechny vzorky ( ve srovnani s fenotyp testem)



Xpert MTB/RIF a Xpert Ultra diagnostické
testy,

ktery mUzZe byt inicidlnim testem:
pro dospélé s pulmonar, extrapulmonarni TB/ a detekovat R k rifampicinu,
pro déti ze sputa, stolice, nosohltan stérl, gastric odbérl (detekce TB a rif R)

s Dospéli extrapulmonarni TB:

nahrada mikroskopie natért a

s Xpert MTB/RIF: Vzorky mozkomisniho moku (CSF), apiratu z miznich uzlin, biopsie
miznich uzlin, pleuralni tekutiny, moci, synovialni tekutiny, peritonealni tekutiny,
tekutiny perikardu a krve

e Citlivost metody 50% u pleuralni az 97% u synovialni tekutiny, Specificita 79 ze vzorku
biopsie miznich uzlin az 99% pleuralni tekutiny

= Xpert Ultra: CSF, pleurdlni tekutina, moc¢, synovialni tekutina

e Citlivost metody 71% u pleuralni az 00 vz biopsie miznich uzlin, Specificita 71% pleuralni
tekutina az 100% moc

fenotypového testovani R k rifampicinu

s Citlivost metody 96-97%, Specificita 99% vSechny vzorky ( ve srovnani s fenotyp
testem)

s Déti - problém odbért sputa, proto i dalsi vzorky,

srovnavano s klasickou kultivaci

m Citlivost metody 46% vz z nosohltanu; 61% vz ze stolice; 65% vz ze sputa a 73% vz z
GIT. Specificita u vSech vz v rozmezi 98% az 100%.

Pro test Rezistence k rifampicinu:
m Citlivost metody 90%, Specificita 99% vSechny vzorky ( ve srovnani s fenotyp testem)



Truenat MTB a MTB Plus diagnostické testy,
ktery muze byt inicidlnim testem pro plicni tuberkuldzu
(nahrazujicim mikroskopii a testovani citlivosti k rifampicinu)

Truenat MTB a MTB Plus jako nahrazeni mikroskopie
natérd sputa:

Citlivost metody Truenat MTB 83%, u MTB Plus 89%
Specificita Truenat MTB 99% a MTB Plus 98%

Truenat MTB-Rif Dx jako nahrazeni fenotypového
testu citlivosti k rifampicinu:

Citlivost metody 93%, Specificita 95% vsechny vzorky ( ve
srovnani s fenotyp testem)

Vyse uvedené 3 snimky k novym metodam viz téz WHO

pokyn (2020):
https://apps.who.int/iris/bitstream/handle/10665/330395/9789240000339-
eng.pdf:jsessionid=3DEB4E5026A8ADE2616CF8DFFCF2A60C?sequence=1



https://apps.who.int/iris/bitstream/handle/10665/330395/9789240000339-eng.pdf;jsessionid=3DEB4E5026A8ADE2616CF8DFFCF2A60C?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/330395/9789240000339-eng.pdf;jsessionid=3DEB4E5026A8ADE2616CF8DFFCF2A60C?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/330395/9789240000339-eng.pdf;jsessionid=3DEB4E5026A8ADE2616CF8DFFCF2A60C?sequence=1

Prehled pokroku ve vyvoji
TB diagnostik (I)

An overview of progress in the development of TB diagnostics, August 2020

TECHNOLOGIES IN DEVELOPMENT

Molecular detection of TB and drug resistance
B Gendrive MTB/RIF ID, Epistem, UK

B TruArray MDR-TB, Akkoni, USA

B INFINITIMTB Assay, AutoGenomics, USA

B FluoroType XDR-TB assay, Hain Lifescience, Germany
B MeltPro TB assay, Zeesan Biotech, China

B QuantuMDx, POC, UK

B Truenat MTB-INH/MTB-FQ, Molbio, India

B AccuPower XDR-TB RT PCR, Bioneer, Republic of Korea

Interferon gamma release assays (IGRAs) for TB infection
B Access QuantiFERON®-TB, QIAGEN, USA

B IP-10 IGRA elisa/lateral flow, rBioPharm, Germany

B ichroma™ IGRA-TB, Boditech Med Inc., Republic of Korea

B T-Track(R) TB, Lophius Biosciences GmbH, Germany

M VIDAS TB-IGRA, bioMérieux, France

Skin tests for TB infection
B c-Th skin test, Serum Institute of India, India
B EC-Test, Anhui Zhifei Longcom Biopharmaceutical Co. Ltd, China

ON THE MARKET (NOT YET EVALUATED BY WHO)

Molecular detection of TB and drug resistance

B iCubate System, iCubate, USA

B Genechip, TB drug resistance array, Capital Bio, China

B EasyNAT TB Diagnostic kit, Ustar Biotechnologies, China

B Amplification-based tNGS assays: Next Gen-RDST assay, TGen, USA,
Deeplex-MycTB assay, GenoScreen, France

Interferon gamma release assays (IGRAs) for TB infection
B Lioferon TB/LTBI, LIONEX Diagnostics & Therapeutics GmbH, Germany
B STANDARD E TB-Feron ELISA, SD Biosensor, Republic of Korea

B Advansure TB IGRA, LG chem, Republic of Korea

Skin tests for TB infection
B Diaskintest, JSC Generium, Russian Federation



Prehled pokroku ve vyvoji

TB diagnostik (II)

Molecular detection of TB and drug resistance

B Xpert MTB/RIF and Xpert Ultra as the initial diagnostic test for TB and
rifampicin resistance, Cepheid, USA

B Line probe assays for the detection of Mycobacterium tuberculosis
(MTB), isoniazid and rifampicin resistance in acid-fast bacilli smear
positive sputum or MTB cultures (FL-LPA), Hain Lifescience, Germany
and Nipro, Japan

B Line probe assays for the detection of resistance to fluoroquinolones
and second-line injectable agents (SL-LPA), Hain Lifescience,
Germany

B TB LAMP for detection of TB, Eiken, Japan

B Truenat MTB, MTB Plus and MTB-RIF Dx assays as initial diagnostic
tests for TB and rifampicin resistance, Molbio Diagnostics, India

Interferon gamma release assays (IGRAs) for TB infection
B T-SPOT.TB, Oxford Immunotec, UK
B QuantiFERON-TB Gold Plus (QFT-Plus), Qiagen, USA

Culture-based technologies

B Commercial liquid culture aystems and rapid apeciation

B Culture-based phenotypic DST using 1% critical proportion in
LJ,7H10,7H11 and MGIT media

Microscopy
B Light and light-emitting diode microscopy (diagnosis and treatment
monitoring)

Biomarker based assays
B Alere Determine TB-LAM, Alere, USA for TB detection in HIV infected
people

UNDER EVALUATION BY WHO

Molecular detection of TB and drug resistance

B Molecular technologies for genotypic drug resistance testing
(including sequencing technologies)

B FluoroType MTBDR, Hain Lifescience, Germany

B m2000 RealTime MTB System, Abbott, USA

B BD Max MDR-TB, Becton Dickinson, USA

B Roche cobas” MTB system, Roche Diagnostics, Switzerland

B AccuPower TB & MDR RT PCR, Bioneer, Republic of Korea

B Genoscholar PZA TB Il, Nipro, Japan

B Xpert XDR-TB cartridge, Cepheid, USA

Computer-aided detection (CAD) for digital chest
radiography

W CADATB, Delft Imaging, Netherlands

B Lunit INSIGHT CXR, Lunit, South Korea
B gXR, qure.ai, India

B DxTB, Deeptek, USA

B XrayAME, Epcon, Belgium

B InterRead DR Chest, Inter VISION, China
B T-Xnet, Artelius, India

B Dr CADx, Dr CADx, Zimbabwe

B RediSen, AXIR, South Korea

B JF CXR-1, JF HEALTHCARE, China

Culture-based drug susceptibility testing
B Sensititre™ MYCOTBI plate; ThermoFisher Scientific Inc., USA



TECHNICAL REPORT

Mastering the basics
of TB control

Development of @ handbook
on TB diagnostic methods

Figure 4.3. AFB smear microscopy of M. tuberculosis cultures. Images show cords: (¢, d) Ziehl-
Neelsen stain; (e) auramine stain

4 Smear microscopy

Susana David, Vera Katainic-Jankowic, Daniela Cirilo

4.1 Background and principles

Early laboratory diagnosts of tuberculosis still relies on the examination of stained smears. For universal application
in resource-limited countries, microscopy of stained sputum smears is the best choice among diagnastic
mathods™, This technique is based on the fact that the cell wall of the Mycobacierum s, genus is rich in
compikex lipids that prevent accass b common anding dyes, but when stained with carbal fuchsin or fuorochromes
under special steining procedures, tese are nok ezsily decalorised even with slcohol-acd solutions. Becausa of this
charactaritic, all members of Myrabactanum sg0., not only M. faberowoss, are referred Lo 8s ackd-fast bacili
(AFB).

At present, bwo bypes of acid fast stains are used for the detection of mycobactesia in clinical spadmans:

»  Carbol-fuchsin staining | Zishi-Neslsen [ZN] method and its modification performed without heating the dye

[Kinyioun cold staning])
+ Fluorochiome (auraming o adramine-rhadaning) staining,

Kinyoun staining is a modifization of the classic ZM staining which exchiges the heating step during the staining
procedure and LUses a higher concentration of carbol-fuchsin, Mycobactesia appropriataly stained by ZN and
Kinyoun appear 2 rad rods, The performance of Kinyoun staining is lowar than ZN, therefore this procedure i not

Methiods which apply a lucrochrome have been w=ed to stain acd fast bacteria for many years, Using this method,
mycobacteria are detacted as bright fluorescent rods against & darker background, Fluorcchrome staining has an
mmaﬂsumw and 2 shartar ime is required for screaning the slides when compared t Kinyoun of 2N
staining™,

Simeaar microscopy is simple, inexpensive and afficient in detecting those cases of pulmonary tuberculosis tat are

most infectious. Since its yiald is highty dependant on its exacution, the quality of smaar micrascopy is crucia in
the fight agairst TE in resource-limited settings®,

A mzjor limitztion of smear microscopy i its bow sensitivity (25-75% compared to culture), due ko the high
number of bacili required fl:tpn&m.lz[ln s Fange of 5 % 10°-10" bacilli per mil). Sersitivity of smear microscopy
&5 influanced by rumesows fackors ™~ zuch as the prevalence and severity of the diseass, the Bype and quality of

the specimen, the number of mycobactera in the sample and the quality of the process of smear praparation,
szining and raading. Smear microscopy does not allow for mycobackenial species identification nor does it give an

indication of the viabilty of mycobactaria in the sample, KTV co-infected TB patients may have disseminated

paucibacilary dissase with lewer AFB. Smear microscopy i often negative of may require mare scruting in
screaning bo identify these lower numbers of AFB.

4.2 Procedure 1: Ziehl-Neelsen (ZN) "%

Each baich of praparad reagant should be recorded in 2 reapant preparation wirkbook which includes: the
signature of the technician who prepared it, the date of preparation and the results of quality control testing™.

4.2.1 Ziehl-Neelsen (ZN) reagent preparation

Good staining reagants, made with high-qualiy carbel fuchsin Gys are essantial to detact AFBS®, Contamination of
reagents by environmental mycobactenia should be prevented by using frashly distiled water.

Srandard reagents:




Manual: mikroskopie

m Sbér vzorkd pro mikroskopii (nejlépe
sputum - ranni vzorek)

m Pfeprava vzorku

V7 o
m Priprava vzorku
m Ziehl - Neelsen barveni

® => v CR cca Y vzork( mikroskopie

= Barveni fluorochrochromy

® => v CR cca 3/4 vzorkd mikroskopie

e auramin O => flurescencni mikroskopie



Manual:Odbéry na kultivaci

= Kromé vzorku sputa Ize téz
odebirat:
= spinalni, pleuralni, perikardialni,
synovialni tekutinu
m Krev
= HNis
= Kostni dren




Manual:Kultivacni média

NejcCasteji:
- ,vajecna™ media:
- Lowenstein —Jensen
- Ogawa
- Agarova media:
- Middlebrook 7H10 a 7H11
- Tekuta media:
- Middlebrook 7H9




Minimal examination schedule for solid cultures

Liquid: daily preferable

(solid: weekly preferable)

AN

AF/— ) \

'
0 2 days 1 week 2to4weeks 6 weeks 8 weeks
e Make sure that Detect positive e Detect very
liquid has cultures of M. slow-growing
completely tuberculosis as mycobacteria,
evaporated, well as other slow- including M.
tighten caps in growing tuberculosis
order to prevent mycobacteria e End of culture
drying out of examination for
media (solid) negative report
e Detect

contaminants
(solid and liquid)

« On solid detect
rapidly growing
mycobacteria

e On liquid possible
MTB or NTM

¢ Liquid culture: detect slow
growing mycobacteria

e Liquid culture: end of culture
examination for negative report



Immunoassay

m Kvalitativni chromatograficke
imunologické metody detekce
Mycobacterium tuberculosis

m z tekutych kultur s pozitivni kultivaci



Figure 6.1. Examples of chromatographic immunoassays for the qualitative detection of
Mycobacterium tuberculosis complex. Developed with 100 pl of a AFB+ smear-positive liquid culture
after 15 minutes incubation time

a. Capilia TB-neo

i

b. BD MGIT TBc identification test



Molekularne biologicke
metody I

1. Line probe assay:

- Identifikace 16 ruznych
mykobakterii v€etné M.tuberculosis
- Tri zakladni principy testu:

- Extrakce, amplifikace a hybridizace
DNA



Molekularne biologicke
metody II

2. Line probe assay:
- Identifikace M.tuberculosis

- Detekce genu nesoucich informaci o
rezistenci k RIF

- PCR - detekce tzv. LIPA rpoB



Molekularne biologicke
metody III

. Line probe assay:
- Identifikace M.tuberculosis

- Detekce genu nesoucich informaci o
rezistenci => detekce tzv. MDR a XDR
kmenu
- RIF(rpoB)a/nebo izoniazid (katG/inhA)

(nizka/vysoka R)

- Floroquinolony a/nebo
aminoglykosidy/cyklické peptidy
(kanamycin, amikaci/capreomycin,viomycin)
a/nebo ethambutol



Molekularne biologicke
metody IV a V

m Test s vyuzitim hybridizace nukleoveé
kyseliny k identifikaci

M. tuberculosis complex

m Single-use sample-processing
cartridge systém s integralni real-
time PCR k k identifikaci

M. tuberculosis complex a rezistence
RIF



Stanoveni citlivosti proporcni metodou
dle Canettiho

m iz citace vyse snimek 27 ...



SURVEILLANCE REPORT

Molecular typing for surveillance of
multidrug-resistant tuberculosis

in the EU/EEA
January 2016
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Mechanizmy ucinku vs mechanizmy

rezistence mykobakterii

Inhibit cell wall synthesis

Isoniazd
Ethambutol
Ethionamide
Cydoserne
B-Lactams
SQ109
Benzothiaznones
NAS

Antimetabolites
P-amnosalcylcaad
Trimethoprim
Sulfonamides

Multiple targets

(Targeting the cell wall synthesis,
protein synthesis, respiratory chain)

Niromidazoles
Cofazmne
Phenothiazi
Pyraznamide

Inhibit ATP synthesis

Bedaquine \ _

Antibiotic targets

: c ADP  H' ATP Inhibit DNA replication

(DA gyrase)

L

Antibiotic resistance

https://www.frontiersin.org/articles/
10.3389/fmicb.2017.00681/full

Efflux pumps

Modification of antibiotics

p-lactams
Aminoglycosides
Macrokdes
Rifamoici

=% Modification of targets  Target mutation

Rifampicn !s_,oriaz_jd_

Fluoroqunolones Pyraznamide
Capreomyan/viomyen Ethambutol

Decreased uptakes Clofazmine
@ Hydrophic drugs

SQ109
Benzothiaznones
NAS



Antimykobakterialni 1&Cive latky a:
mechanizmus Ucinku + geny kédujici rezistenci

(spolu s funkCnimi vlastnostmi)
https://www.frontiersin.org/files/Articles/251117/fmicb-08-00681-
HTML/image_m/fmicb-08-00681-t003.jpg

Agent Mode of action Target Proven utility for Gene Gene function Most prevalent References
(MIC pg/ml) mutation
Isoniazid Inhibition of mycolic acid Mycolic acids M. tuberculosis kalG Catalase-peroxidase Ser-315-Thr OFFICIAL, 1990; Ne
synthesis (0.02-0.1 in 7H10) Committee for Clinic
Laboratory Standart
inhA EnO\ﬂ ACP reductase C-15-T SNP (NCCLS). 2000:
Ndh NADH dehydrogenase Il Arg-13-Cys, Somoskovi et al., 2(
Val-18-Ala Ramaswamy et al.,
ahpC  Akylhidroperoxidase ~ C-39-T, G-9-A, SNPs  Zhang etal., 2005;
t al., 2006
kasA  bketoacy-ACP synthase  Gly-269-Ser T
Rifampicin Inhibition of RNA polymerase ~ RNA polymerase M. tuberculosis (1 in rpoB B-subunit of RNA Ser-450-Leu OFFICIAL, 1990; He

7H10) polymerase et al., 2001; Somos

Pyrazinamide

Ethambutol

Inhibition of energy production

and trans-translation

Inhibition of arabinogalactan

synthesis

Fatty acid synthase-|,
ribosomal protein S1

Arabinosyl transferases

M. kansasii (2)
M. marinum (1)

M. tuberculosis
(16-50 in LJ)

M. tuberculosis (5 in
7H10)

M. kansasii (5)

M. marinum (5)

pncA

IpsA

embCAB

Pyrazinamidase

S1 ribosomal protein

Aspartate decarboxylase

Arabinosyl transferases

Asp-12-Ala/Asn,Leu-
85-Pro

Deletion Ala438,
Thr-5-Ala
Ala-128-Ser,
Val-138-Aal

Met-306-Val/lle/Leu

etal., 2001; Philley :
Griffith, 2015
Somoskovi et al., 2(
Shietal, 2011;
Feuerriegel et al., 2(

Zhangetal., 2013,!

OFFICIAL, 1990;

Brown-Elliott et al., |
Palomino and Marti
2014; Philley and G

2015



https://www.frontiersin.org/files/Articles/251117/fmicb-08-00681-

HTML/image_m/fmicb-08-00681-t003.jpg

Streptomycin

Amikacin/Kanamycin

Capreomycin/viomycin

Ethionamide

Fluoroquinolones

Inhibition of protein synthesis

Inhibition of protein synthesis

Inhibition of protein synthesis

Inhibition of mycolic acid
synthesis

Inhibition of DNA gyrase

30S ribosomal subunit

308 ribosomal subunit

30S and 508 ribosome
subunits

Mycolic acids

DNA gyrase

M. tuberculosis (2-10in  rpsL

7H10)

M. tuberculosis (5 in
7H10)
M. kansasii (32)

M. tuberculosis (10 in
7H10)

M. tuberculosis (5 in
7H10)

M. tuberculosis (2 in
7H10)

M. kansasii (2)

s
gidB

Rrs

Eis

Irs
tylA
Eis
ethA
inhA
Nah
mshA

gyrA

gywB

$12 ribosomal protein
16S rRNA

165
rRNAmethyltransferase

16S rRNA

Aminoglycoside
acetyltransferase

165 rRNA

rRNA methyltransferase
Aminoglycoside
acetyltransferase
Monooxygenase

Enoyl-ACP reductase
NADH dehydrogenase
Glycosyl transferase
DNA gyrase subunit A

DNA gyrase subunit B

Lis-43-Arg
A-1401-G SNP
Leu-16-Arg

A-1401-G SNP

G-37-T, G-10-A,
G-14-T SNPs

M. marinum (32)
RGM (64)

A-1401-G SNP
(3-223-T SNP
G-37-T, C-12-T SNPs

Leu-397-Arg,
Leu-328-Met
lle-21-Thr/Val,
Ser-94-Ala
Arg-13-Cys,
Val-18-Ala
Val-171-Gly,
Aal-187-Val
Ala-90-Val,
Asp-94-Gly/Tyr
Asn-533-Thr
RGM (4)

OFFICIAL, 1990; Fir
et al., 1993; Da Silvi
Palomino, 2011; Vel
et al., 2014; Philley :
Griffith, 2015

OFFICIAL, 1990;

Zaunbrecher et al., |
Da Silva and Palomi
2011; Georghiou et
2012; Kasperbauer
De Groote, 2015; P

and Griffith, 2015
Johansen et al., 2C

Da Silva and Palomi
2011; Georghiou et
2012

Morlock et al., 2003
Boonaiam et al,, 20
Brossier et al., 2011

OFFICIAL, 1990; Ct
et al., 2004; Brown-
et al., 2012; Kasper
and De Groote, 201



2.aminosalicylicacid (PAS)

yclosering

viacrolide- ketolide

Slofazimine

Jxazolidinones (Linezolid,
sutezolid [PNU-100480) and

\ZD5847

Inhibition of folate synthesis

Inhibition of peptidoglycan

synthesis

Inhibition of protein synthesis

Interfering with redox

Cycling, causing membrane
destabilization and production
of reactive oxygen species

Inhibition of protein synthesis

Thymidylate synthase,
Dihydrofolate synthase,
Dihydrofolate reductases

Alaning racemase,
D-Alanine-D-alanine ligase,
D-serine/L- and
D-alanine/glycine/D-cycloserine
proton symporter, L-alanine
dehydrogenase

508 ribosomal subunit

NADH dehydrogenase

508 ribosomal subunit

M. tuberculosis (2 in
7H10)

M. tuberculosis (5-10 in

BACTEC)

M. avium (8-16 in
BACTEC)

M. tuberculosis (1)

M. tuberculosis (4-8)

thyA

folC

nbD
alr

dadl

CycA
Ald

rl

0678

n2635¢
v1979¢

ml

Thymidylate synthase

Dihydrofolate synthase

Dihydrofolate reductases

Alanine racemase

D-Alanine-D-alanine ligase

D-serine/L- and
D-alanine/glycine/D-
cycloserine proton
symporter

L-alanine dehydrogenase

238 ribosomal RNA

Transcriptional regulator

Peptidase
Permease

23S ribosomal rRNA

508 ribosomal protein L3

Thr-202-Ala,
Val-261-Gly
Glu-153-Aal,
Asn-73-Ser
G-11-A SNP
G-10-T SNP

I

Gly-122-Ser

A-2058-T, A-2059-C
SNPs

G193 deletion,
C-466-T SNPs

G-265-T SNP
T-1062-C SNP

G-2061-T, G-2576-T,
G-2270-T
T-460-C

https://www.frontiersin.org/files/Articles/251117/fmicb-08-00681-
HTML/image_m/fmicb-08-00681-t003.jpg

Mathys et al., 2009;
Silva and Palomino,
2011; Zheng et al., ¢
Zhaoetal, 2014;

Zhang X. et al., 201!

Céceres et al., 1997
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