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1. Mycobacterium tuberculosis
complex which can cause TB :
M. tuberculosis, M. bovis,

M. africanum, M. microti,

M. Canetti, M pinnipedii

2. M. leprae and M. lepromatosis
which can cause Hansen’s
disease

3. Non-tuberculous
mycobacteria (NTM)

To pukoBakTnPidIo TNG QUUATIWONG AVAKEI OTO YEVOG HUKOBOKTAPIA, padi
ME TTAvw atrd 260 akdua €idn, TTOU £XOUV ATTONOVWOEI Kal XapaKTNPIOTEI
MEXPI OTIVUAG. Madi pe €va TTOAU pIKPO apiBud €CeAIKTIKG TTOAU KOVTIVWOV
€10WV, OUYKPOTOUV pia opdda yvwoTh wg Mycobcterium TuBerculosis
Complex (MTBC) Ta otroia gival e€eAIKTIKG KOvTa o€ OU0 akoOun
MUKOBQKTNPIia, TToU £XOUV w¢ EEVIOTA TOUG TOV AvOPWTTO KAl TA OTTOIx
TTpokaAoUv TNV acBéveia TG Aétrpag, Ta Mycobacterium leprae & M.
lepromatosis. Ta uttdAoITTa €idn yVWOTA KAl WG PN QUUATILOON
MukoBakThpia (NTM) eivai eite cammpo@uTiké / TTEPIBAAAOVTIKA 1] £XOUV
AANouG CevioTEG. ApKeTd aTTd auTd €ival duvapel TTaBoydva Kal yia Tov
avepwrTro.
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* Human TB is caused by bacteria of the M.
tuberculosis complex (MTBC), predominantly
M. tuberculosis, M. bovis and M. africanum
(W. Africa, ~25% of cases).

* Occasional cases of infection with M. caprae,
M. microti, M. pinnipedii, M. orygis
and

* M. canetti (Horn of Africa)

A6 Ta €idn TTou avAkouv oto MTB Complex kKUplog TTapayovTag
TTPOKANONG véoou oTov avBpwTro €ival To M. tuberculosis. O TToAUXpovog
€AEYXOG TWV KOTTadIWV TWV BOOEIBWYV Kal N TTACTEPIWON £XEI TTEPIOPIOEI
ONMAVTIKA OTIG QVOTITUYUEVEG XWPES TV VOOO atrd To €idog M. bovis
(ECDC: 0.05 - 0.02 trepiotaTika /100.000 otnv E.E. TNV TTEPI0d0 2017-
2020). To €idog M. africanum - TToU HOAUVEI ATTOKAEIOTIKA TOV AvOPWTTO -
atroteAei TTPORANUA Kupiwg oTIC XWPES TNGS A. AQpIkNG. MNepioTaTika
Aoipwéng Tou avBpwTrou atrd Ta GAAa €idn Tou MTBC, TTou Kupiwg
MOAUVOUV (WA, OTTWG X0ipoug, HIKPA TPWKTIKA 1] YalEAeg, EAA@Ia, £xouv
KATaypa@ei kal atrodidovTal o€ ETTAPES PE T (WA QYOopPEIG TNG vooou. Evw
TENOG N €€ATTAWON ToU €idoug M. canetti — TTou ekTipdTal OTI €ival €CENIKTIKG
MO KOVTA OTO KOIVO TTpOYyovo Twv PeAwvV Tou MTBC - trepiopiletal oTo

KEPAG TNG APPIKAG.
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“The global priorities for tuberculosis (TB)
care and control are to improve case-
detection and to detect cases earlier,
including cases of smear-negative disease
which are often associated with coinfection
with the human immunodeficiency virus (HIV)
and young age, and to enhance the capacity
to diagnose multidrug-resistant tuberculosis
(MDR-TB)”

World Health Organization 2013

KA&16i yia Tnv Bepatreia Tou aoBevoug Kal Tov €Aeyxo TnNG d1aoTTopds TNG
QuUUATiwoNG, OTTWG Kal yIa KABE HOAUCUATIKAG vOoOoU, gival n £yKaipn
d1dyvwaon TnG. ' auTriv KaBopioTIKG pOAO KaAouvTal va TTai¢ouv ol
MOpIaKEG pEBODOANOYIES, EIBIKA OTOUG PIKPOOKOTTIKG apvNTIKOUG QOBEVEIG,
OTTWG £TTIONG KA yIa TNV £yKaipn Idyvwaon TwV avOEKTIKWY OTEAEXWYV TOU
BakiAou, dedOPEVWV TWV TTPORANUATWY TTOU £XOUV Ol CUUBATIKEG HEBODOI
S1dyvwong, KUpiwg o€ OTI apopa Tnv TaxutnTa A TNV uaiodnaia Toug,
OTTWG Ba doUE KAl OTNV CUVEXEIQ.
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Objective 1. Increase access to rapid and accurate detection of TB

Indicator 1.  Does the national diagnostic algorithm indicate a WRD is the initial diagnostic test

Target2020

MDR-TE.

indicator 2. Percentage of notified new and relapse TB cases tested with aWRD astheiinitial
diagnostic test

Target2020 ‘ 80% of cases
Target2025 | 1003 of cases

WRDs employ molecular techniques to detect TB.

Coverage of rapid testing for TB: target 100% of those
w__-'. newly diagnosed; status in 2023, 48%.

o

CDC Updated Guidelines for the Use of Nucleic Acid Amplification Tests in the Diagnosis of
Tuberculosis (MMWR, January 16, 2009) : “NAA testing should be performed on at least
one respiratory specimen from each patient with signs and symptoms of pulmonary TB for
whom a diagnosis of TB is being considered but has not yet been established.

Among all 67,082 verified TB cases with NAA testing information from 2011 to 2017 in the
USA, 45.9% were reported as not having an NAA test performed. (Kumar V, et al. Open
Forum Infect Dis. 2021;doi:10.1093/ofid/ofab528)

MdaAioTta o NOY oT1o TAaiclo TG oTpaTnyIknG «End TB», oTnv oTToia Kai
ava@epOAKaue TTPIV, BETEI WG TTPOUTTOBEON yIa TNV £pyacTNPIaKL dIdyvwon
TNG QUUATIWONG TNV XPNOIUOTIOINGN MIOG €K TWV EYKEKPIPMEVWY —
TTPOTEIVOUEVWY aTT TOV [1OY HOoPIaKWY dIayVWOTIKWY HEBOdWYV, WG TV
TTPWTN dIaYVWOTIKI TTPOCEYYIoN Yia OAOUG TOUG acBeveic pe uttdvoia
euuatiwong. O o1éxog 1€0nKe To 2016 Kai €ixe WS TTpwWTO opdonuo 1o 2020
o1ToU Ba £TTpeTTe va €xel KaAu@Oei To 80% Twv acBevwy kal wg 10 2025, o€
éva xpbévo dnAadr], 10 100% Twv acBevwyv TTAYKOOUIWG. TNV QETIVI €KBEON
Tou MNOY avagépetal 6TI auTd €TTETEUXONTE NOVO Yia TO 48% TWV a0BEVWVY TTOU
dlayvwoTnkav pe TB 10 2023 .

21N Xwpa Tou K6ouou ue 1o peyaAutepo AET, 1ig HIMA, o oT1dxog 1Tou £€060¢
10 2009 10 CDC YyIa Gueon epappoyn, Kal ATav KaBe acBevr¢ TTou diEpeuvATal
yia TTveupoviki TB va €xel TOUAAGXIOTO €éva JOPIAKO TEOT, HOVO KATA TO AICU
gixe uhotroinBei péxpl 1o 2017, dTwg £0¢1Ee PEAETN Tou 2021.

To dUOKOAO e TOUG OTOXOUG O¢gv gival va TeBoUV aAAG va uAoTroinBouv, €18IKA
OTAV «OKOVTAQTOUV» O€ TTEPIOPICPOUG HECWYV, AVOPWTTWY, UTTODONWYV,

XpPNHaTodoTNONG.
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WHO endorses new rapid tuberculosis test (2010)

and

TB Xpert Project o s Brocured under

WHO recommended use of the technology 20000000
in December 2010 and is monitoring the
global roll-out of the technology.

The test enables simultaneous detection of | 10,000,000
rifampicin resistance via the rpoB gene.

The TBXpert Project, a three-year UNITAID- .
funded collaboration (2013-2015), making o
available up to USD 25.9 million for roll-out 0 om om0 5 wis
of the Xpert MTB/RIF technology to 21 ot s
recipient countries. The TBXpert Project is
being managed bK the WHO Global TB
Programme and the Stop TB Partnership
secretariat.

* At current annual volumes of ~ 12
Xpert MTB/RIF test price: million tests in the public sector alone,
Eﬁel":ﬁ‘\tgel Augustt 6th, 2012, the pulrj]lic s?cttt)r manufacturing costs are estimated to
in eligible countries can now purchase tes be as low as $3 per cartridge
gﬁgr")?g;:i? e eosi @ URH e, Baats according to MSFE. This low cost
leaves room to lower the price to $5,
inclusive of service and maintenance
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O MOY €xel «UI0BETACEI» KAl TTPOTEIVEI TNV E10AYWYI CUYKEKPIMEVWV
MOPIaKWYV dIayVWOTIKWV HEBSdwv. Mia TéTola péBodog ue uwnAn
euaioBnaia TTou Tautoxpova divel Kal TTANPO@OpIa yia TNV avtoxr oTnv
PIQAMTTIKIVN, UI0BETABNKE OGN atrd 1o 2010. EmmpdoBeta o NMOY
€€ao@ANICE ) TNV XPNUATOBOTNON YIA TNV EYKATACOTAON TNG O€ 21 PTWYEG
XWPES ME UPNAR eTTITTITWON TNG vooou Kai B) emdoTolpevn TiWr oTta 9.98 $/
TeOT yIa TrepiTTou 130 xwpeg. EvOeIKTIKG €IS TO ayopdloupe 7 QopES
akpIBoTepa. OTwg @aiveTal Kai oTo didypauua hEXP! To TEAOG Tou 2016 Kai
MOVO OTa TTAQiCIa TOU TTPOYPAPUATOS TNG £TTIOOTOUNEVNG XPNHaTOddTNONG,
Xpnoigotroindnkav mavw atod 23 ekaT. TeoT. HTav n mpwTtn @opd TTou Jia
d1ayvwoTIKA HEB0DOG, TToU OTNPICETAI O€ TEXVOAOYIa aIXUNG, BPAKE AUEDN
Kl EKTETAPEVN EQAPUOY EKEI TTOU €ival €€’ AAAOU Kail 0 JEYAAUTEPOG OYKOG
TWV TTEPIOTATIKWY. OPWE aKOUN Kal auTr) n TIMA €ival aTTayopeuTIKA yia
TTOAANEG XWPEGS, TTOAU TTEPICTOTEPO PAAIOTA OTAV O APIBUOG TWV TECT TTPETTEI
va 10-TTAacIa0TEl JOVO KAl JOVO YIa ETTITEUXTEI 0 0TOXOG Tou MNOY va éxouv
TTPOcoBacn oTo TeOT 6AoI 6001 EAEyXovTal yia QuuaTtiwon oTiS 30 XWPES JE
TNV M0 UWNARA €TiTITwon. H TIA yia TIg XWPES UPNAAG ETTITTITWONG €XEI
MEIWBEl TTAéov oTa 7,97% . Me BAon TNV eKTIMWHEVN KATavAAwaon To
KOOTOC TTApaywYnGS avd TeaT uttoAoyileTal JOAIC oTa 3$
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In principle, the genome sequence of an
isolate contains all, or nearly all, of the
information required to direct both
individual treatment and to inform public
health measures.

Ideally, all this information would be gained
in a single step

O1 poplakég péBodol diapadouv TTANPOYOPIES TTOU UTTAPXOUV OTO YEVETIKO
UAIKO. Zav YEVIKA apXr) MTTOPOUNE va TTOUUE OTI, OTIONTTOTE XPEIAgETal YIa
TNV KaBodriynon Tng Bepartreiag, aAAG Kai yia TNV €TIONUIOAOYIKN
OIEPEUVNON — TOV EAEYXO ETTIONMIKWY ECAPOEWV - UTTOPEI Va €axOei wg
TTANPOPOpPIa aTTO TO YOVISIWKA TOU PIKPOOPYAVIOWOU j 0€ OUVOUAOUO JE
auTd Tou aoBevoUg, (TT.X. va TTPORAEPBOUV YEVETIKA KOBOPICOUEVEG
duoavegiec oe apuaka). To 1daviké Ba fTav 0An autr TNV TTAnPoYopia va
TNV QTTOKTOUNE O€ éva BANA, ME Eva TECT KAl AUTO UTTOOXOVTAI VO KAVOUV
TTPAELN Ol TaXEWG EEANICCONEVES HOPIAKES HEBOSOI TTou oTnpilovTal OTIG
peEBodoAoyieg Tou NGS - péBodol aAAnAouxoTroinong €TTOUEVNG YEVIAG -
TTOU QEPVOUV TNV VEQ ETTAVACTACH OTNV JOPIAKNA-YEVETIKH) avaAuon Kal
oTnv PikpoRloAoyia Kai yia TIG 0TToieg Ba avapepBw oT1o TEAOG, apou 1non
O€ QPKETEG XWPEG EXOUV UTTEI I} UTTAIVOUV OUVTOUQ, O€ EQAapuoyni oTnv
epyaoTtnpliakf dlEpelivnon TG QUUATIWONG .
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Current molecular diagnostic approaches
target specific genomic loci and are used:

» To identify an organism by detecting
species specific sequences at his genome

* To detect mutations or polymorphisms
associated with specific strain
characteristics such as antibiotic
resistance, virulence e.t.c.

Méxpl TOTE ag douue TTwWG DOUAEUOUV OI TPEXOUOES MOPIAKES HEBODOI WG
EPYAOTNPIOKEG ECETAOEIG pouTivag. MeEVIKA MIAWVTAG KAl TTAAI, TO KOIVO
XOPAKTNPIOTIKO TOUG €ival N OTOXEUPEVN AVAAUCT) ETTIMEPOUG TTEPIOXWYV TOU
YEVETIKOU UAIKOU PE OKOTTO VA EVTOTTIOOUV TN TTAPOUCia eVOg
MIKpOOpPYQVIOPOU OTO dEiyua Tou aoBevoUg A va TOV TAUTOTTOINOOUV PETA
atro TNV avaTTuén Tou oTn KaAAiEpyeia . Kal auTtd To TTETUXaivouv
AVIXVEUOVTAG YEVETIKEG OAANAOUXIES TTOU €ival
QTTOKAEIOTIKEG/XAPAKTNPIOTIKES VIO TOV OPYAVIOUO TTOU DIEPEUVOUIE.
ETtTiong p1Topei va avaAUouv OUYKEKPIPEVES YEVETIKEG TTEPIOXEG VIO VA
EVTOTTIOTEI N MBOavr TTapoucia HETAANGEEWY | TTOAUMOPPICHWY TTOU
OuVvOE£OVTaI JE KPIOIUA XOPAKTNPIOTIKA TOU TTaBoydvou opyaviouou OTTwG N
avToxn oTa avTiRIoTIKA A N uwnAr AoloyovikoTnTa
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To TANPEG yovidiwpa Tou MTB atmokwdikotroienke 1o 1998 kai otnv
ouVvEXEID aAAnAouxoTToINBNKE TTANPWG KAl TO YEVETIKO UAIKO TWV
uttéAoImmwy €1dwv Tou MTBC - Ta 611010 KOl OEiXVOUV QUOIKA uWnAS Babud
YEVETIKAG ouyyévelag. Ta €idn Tou MTBC dgv kavouv aviaAAayr YEVETIKOU
UAIKOU Kai n avTtoxr ota avTIRIOTIKA OQEIAETAI ATTOKAEIOTIKA O€ JETAAANAEEIG

MTB genome 4,441,529 bp, high CG content (~65%). 4111
genes. Numerous repetitive sequences, no plasmids

Cole, Nature 1998
Members of the MTBC are indistinguishable in their
16SrRNA and rpoB genes, recombination does not occur
between strains and have approximately the same genome
length.

No exchange of genetic material via plasmid and horizontal
gene transfer.

Resistance to anti-TB drugs is caused predominantly by
chromosomal mutations

Rate of change in DNA sequences ~ 0-5 single nucleotide
polymorphisms (SNPS) per genome per year.

Walker, The Lancet Infectious Diseases 2013

- KUPIWG ONUEIOKEG - 0€ OUYKEKPIPEVA yovidia. O puBuog

MeTaAAagoyEveONG exel UTTOAOYIOTEN OTI €ival TTOAU XapnASGG Kai o BAKIAOG

Bewpeital YEVETIKA eEAIPETIKA OTABEPOG.
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Laboratory diagnostic Methodologies

21nv dlagdaveia gaivetal o d1ayvwaoTIKOG alyopiBuog Tou EKAM. H
O1dyvwan atraiTei Tov cuvOuao o SIa@OPETIKWY PHEBODOAOYIWYV TTOU
avaTrTiooovTtal o€ BAB0G XpOvou, HEPOG TWV OTTOIWV €ival Kal Ol JOPIAKES
OIayVWOTIKEG TTPOOEYYIoEIS. MEXPI TNV OAOKAAPWON TOUu EAEYXOU TNG
QAPMOKEUTIKNG AVTOXAG, ME TNV HEBODO TNG KAAAIEPYEIQG, TO dIAOTAUA
MTTOPEI va @TACEI WG Kal TIG 8 eBOoUGdES. Moplakég uEBodol
XpnoidoTrolouvTal o€ KAIVIKG dgiyuaTta acBevwy yia Tnv avixveuan mng
TTapouciag Tou MTB. XpnaoiyotrolouvTal oTta BeTIKA KAIVIKG deiypaTa, yia
TOV €AEYXO TNG AVTOXNG OTA TTPWTEUOVTA KAl AV €ival avaykn Kal oTa
oeutepevovta A/ dpuaka. Mopiakég péBodoi xpnaoipoTroiolvTal ETTioNG,
o€ oTEAEXN TTOU £XOUV avaTTTuxXBei oe uypn 1 oTEpe KAANIEpYEIQ yIa TNV
TAUTOTTOINON TOUG O€ ETTITTEDO €iO0UG 1) yIa TOV EAEYXO QVTOXNG, AV AUTO
Oev €xel emmITEUXBEi AON, 0TO KAIVIKO d¢giyua.
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Laboratory diagnostic Methodologies

Method

Microbes

Time to result

Comments

Microscopy

~104

Few hours

Non specific
(Mycobacterium genus,
Nocardia, Rhodococcus

K.A.TT.)

Culture on solid
media (LJ)

102-108

4-6 weeks

Gold standard

Culture on liquid
media

102-108

~14 days

Risk of contamination

Molecular Test

1 (Theoretically)

Few hours

Risk of contamination

based on NAA Detection of dead
organism (DNA)

11

~10 - <10?

Oa ava@epBW OoTa TEOT TTOU XPNOIKOTTOIOUNE KUPIWG OTO EPYACTHPIO KAl
KAT apXAG O€ QUTA TTOU ETTITPETTOUV TNV AViXVEUOT TOU BaAKiAou oTa KAIVIKA
Ociypara. 210 Tivaka TTapaTifevTal opiouéva ATTo Ta XAPAKTNPIOTIKA TOUG
OUYKPIVOUEVA WE TIG AAAEG nEBOOOUG. H PIKPOOKOTTIA, HETA ATTO 0EEAVTOXN
XpPWwaon —Trou €ival €18IKH YIa 0pYaVvIOPOUG TTOU €X0UV MUKOAIKO 0&U oTO
KUTTOPIKO TOUG TOiXwHaA - Kal N KAAAIEPYEIQ, O€ €10IKA OTEPEA 1 UYPA
BPEeTTIKG YEOQ, uTTOPEPOUV: H TTpWwTn aTTd XauNnAnR evaicbnaia kai
€I0IKOTNTA. Av KalI gival Kupiwg To MTB autd TTou cuvavTtaTal oTta BeTIKA
KAIVIKG OgiypaTa, €ival TTOAU SUOKOAO av OxI aduvaTo va Yivel n d1Iakpion
TOU HOPQPOAOYIKA JE TNV JIKPOOKOTTIKN £EETACH, OKOMN KAl TOU
KaAAigpynuévou pikpoBiou, atmd Ta aAAd ogedavtoxa PakTrpia. H &€
KaAAIEPYEIQ, 1I0iWG N OTEPEN, €ival EEAIPETIKA apyr], MIOG Kal 0 BAKIAOG, TOOO
in-vivo 600 Kai in-vitro, €xel xpovo dimAaciacguou mavw atrd 18 hrs . H
avAyKn yia hia €181k, eCAIPETIKA guaiodnTn Kai ypriyopn péBodo cival
TTPOPAVNG YIA TO EVTOTTIOUO OPYAVIOUWY HE TETOIA XAPAKTNPIOTIKA KAl QUTO
TO TTPOCQPEPOUV T POPIAKA TECT TTOU OTNPEICOVTAl OTOV TTOANATTAACIOOUO
€I0IKWV YIO TOV OPYQVIOHO OTOXWYV OTO YEVETIKO UAIKO, A&lOTTOIVTAG TNV
TEPAOTIA KATAAUTIKA 10XU TWV £VCUPWY. Ta KupIdTEPa TTPORAANATA TOUG
€ival 0 KivOuvog TwV ETTIMOAUVOEWY, OTTWG KAl TO OTI EV UTTOPOUV VA
dlaKpivouv avaueoa o€ {uvtavo r vekpo JIKkpoopyavioud. Autd 1o
TeAeuTaio apopd Kupiwg peEBOdoUG TTou £xouv ws oTdxo To DNA.
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Condition
(as determined by "Gold standard")

Condition positive Condition negative

Test Precision (PPV) =
False positive .
outcome True positive (Type L error) Z True positive
positive ypeleron Z Test outcome positive

Test
outcome

Test Negative predictive value =
False negative . -
outcome True negative Z True negative
! (Type Il error) :
negative Z Test outcome negative

Sensitivity = Specificity = Accuracy=
Z True positive Z True negative Z True positive + Z True
Z Condition positive Z Condition negative negative/Z Total population
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MNa 1o TTwg douAelouv oTnv TTPAEN o1 HopIakéS uEBodoI Ba doupe oTnv
OUVEXEIO OTOIXEIO yIa TNV akpieia Toug (Tnv eualodnaoia kai €181kGTNTA) Kal
TNV BETIKA Kl apvnTIKY) TTPOYVWOTIKI agia TOUG, CUYKPIVOUEVES TTAVTA JE TNV
KaAAIEPYEIQ TTOU BEwpEiTal akOun W n epyaoTnpiakh nEBodog avagopds
(gold standard).

H evaioBnoia piag pebodou, ival N TTapAPETPOG TTOU dEIXVEL, ATTO TA
TTPayMaTIKG BETIKA TTEPIOTATIKG TTOCQ TAUTOTTOIEI N HEBOOOC Tav TETOIO EVW N
€I0IKOTNTA BEiYVEl aTTO TA TTPAYMATIKA apvnTIKA TTO0A avayvwpiel wg
apvnTIKA.

H BTk KAl N apvnTIKr TTPOYVWOTIKA agia dgixvouv avTioToixa TNV
mlavoTnTa éva TTEPIOTATIKO va gival Oviwg TTaboAoyikd Otav n doKiyagia
atroBaivel BeTikA Kal TNV MOavOTNTA Va unv gival TaBoAoyikd étav n
dokiyacia gival apvnTikr. O1 U0 TTPWTES TTAPAPETPOI Eival ATTOKAEIOTIKO
XOPAKTNPIOTIKO TNG HEBODOU. Eival TTpo@aveg OTI ETTIOILWKOUNE VO OOUAEUOUE
ME HEBODBOUG e TNV uywnAdTEPN duvartr eualoBnaia kail I9IKATNTA, IDAVIKA OTO
100%. ZtnVv TTPpAagn BePaia kapia nEBOdOG deV TO TTETUXAIVEI AUTO, EVW ETTIONG
I0XU€l 0TI 600 au&dveTal n evaiocdnaoia yiag uebddou TOC0 eTTNPEAlETAl TTPOG
TNV avTiBeTn KaTEUBUVON — PelwveTal dNAadA - n €1I0IKOTNTA. .
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The Impact on Positive Predictive Value (PPV) as Prevalence
Changes, for a test with 99% Sensitivity and 95% Specificity
Prevalence 1% 10% 20%

a | #in population 1,000 | 1,000 1,000
b | Diseased 10 100 200
¢ | Not diseased 990 900 800
d | True Positives on the test (b x 0.99) 10 99 198
e | False positives on the test (c x (1-0.95)) 50 45 40
f | Total # positive on test (d + e) 60 144 238
PPV (d/f) 17% 69% 83%

13 Dr. Chan Shah: Public health and preventive medicine in Canada. Elsevier, Canada, 2003

AT6 TNV AAAN N BETIKA KAl n apvnTIKA TTPOYVWOTIKA a&ia eTrnpedlovtal Kal
aTTo TNV ETTITITWON TNG VOoOU, dNAAdH TO TTOCOOTO TWV BETIKWYV TTEPICTATIKWY,
oTov TTANBUo 6 TTou e€eTAloUME. AG TO BOUNE JE Eva TTapadelypa. Ag
UTTOBE00UE OTI €XOUUE I HEBODO PE ECAIPETIKA UYWNAN euaioBnaia (99%) kai
uywnAn 1d1IkoTNTa 95% . Me guaioBnoia 99% n pébodog, Ba avixveuoel 1o 99%
TWV TTPAYMATIKA BETIKWYV TTEPICTATIKWY, EVW N €10IKOTNTA ion JEe 95%
peTappadeTal oe 5% Weudwg BeTikA atroteAéopata. & TTAnBuououg 1000
atopwyv pe etTimrrwon 1%, 10% ka1 20% avrioToixa, n nEBodog Ba avixveuoel
Ta 10, 99 & 198 atd Ta BeTIKA TTEPIOTATIKA KAl avTioToixa 6a dwoaoel kail 50, 45
& 40 weudwg BeTIKA TTEPIOTATIKA. 'ETO1 N BETIKN TTPOYVWOTIKA agia, 0€ auToug
TOUG TTANBUCHOUG, cival avTtioToixa 17%, dnAadr| e¢alpeTIKA XaunAr, 69%
IKavoTToINTIKA KAl 83% APKETA IKAVOTTOINTIK.
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Pipeline Report

Tuberculosis Di:

(Flow cytometer)

STANDARD
M10MDRTB
(STANDARD M10)
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O1 mpwrteg eykpioelig amo Tov FDA Twv HIMA, 800 gutropikwy ueBddwy yia
TNV aviXveuon Tou YEVETIKOU UAIKOU Tou MTB o€ deiypaTta Tou avaTTveEUOTIKOU,
060nkav 10 1995 & 1996. H pia €ixe o1éx0 10 pIPocwWHIKO RNA Kai n dAAn
TTEPIOXT Tou 16S yovidiou. H TpwTn TTOAATTAQCIALEl TOV OTOXO YECW
peTaypa@ns (Transcription Mediated Amplification ) kai n dAAn xpnoipoTrolEi
TNV u€EBodO NG real time PCR. H tepdoTia emmituxia Tng uEBodou Xpert
MTB/RIF, 1TTou ul08e1iBnke T0 2010 atdé Tov MNOY, avalwTupwaoe To
EVOIOQPEPOV VIO TIG HOPIOKES TTPOCEYYIOEIG dIAYVWONG TG QUUATIWONG HE
QTTOTEAECUA I €KPNEN OTNV AVATITUEN JOPIAKWY TEXVOAOYIWV YIa EQAPUOYN
o€ OAa Ta eTTiTTeda, atro To TTPWTORABUIO EPYOACTAPIO PEXPI T EPYACTHPIA
ava@opdg. 2Tn dIaPAvEIa ava@EéPOVTal HEPIKEG ATTO AUTEG TTOU €ival OAPEPA
o010 0TAdI0 TNG a&loAdyNoNG Kal TTou TTEPIAaUBAvVOUV attd HeBOdoUG aTTAG TTIO
AVTAYWVIOTIKEG OIKOVOMIKA Tou Xpert ] Kail 1o TTARPEIS 000V apopd TNV
YKAPa Twv QapuaKwV yia Ta oTToia divouv TTANpo@opia yia TNV avtoxr, MEXP!
MEBODBOUG yIa TNV avixveuon aAAaywyv oTnv yovidlaknA €KQPacr Tou acBevoug
TToU UTTodNAWVOUV £EENIEN TNG AavBAvouoag o€ evepyd vooo. H akdun kai
TNV avaTTuén ueBodwv GUAAOYRAG Kal EUTTAOUTIOUOU, yia TNV agloTroinon oTnv
d1dyvwaon KAIVIKOU UAIKOU TTou CUAAEYETAI TTIO EUKOAA OTTWG TT.X. O
EUTTVEOUEVOG AEPAG 1) TO ETTIXPIOUA ATTO TN YAWOOAG.
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Transcription Mediated Amplification (TMA)
(AMTD Biomerieux, FDA approved 1996)

rRNAdenaturation

=
(=

Enzyme Addition . Target
Primer Amplification
ybridization

42°C

Temperature
wv1

Time

Enzymes:

* Reverse Transcriptase (RT): Uses ss RNA or DNA as a template
to synthesize cDNA
RNase H activity of RT: Denatures the RNA strand on DNA:RNA
hybrids

* T7 RNA polymerase: Transcribes ds DNA to RNA

15

2TO EPYOQOTNPIO WG KUPIA JOPIOKK TTPOCEYYION XPNOIMOTToIoUNE eBodoAoyia
TTou oTnpiCeTal oTov TTOANaTTAacIaopud Tou RNA. YTrdpxouv dUo eUTTOPIKA
d1aBéoiueg péBodol, n AMTD & n TRCReady®-MTB kai o1 duo oTtnpidovTal
OTNV €VioXuon Tou CAPOTOG PECW HETAYPAPNS. Oa avapepBw OTIG KOIVEG
YEVIKEG apXEG AsiToupyiag Toug. Ta Eviupa TToU XPNOIUOTTOIoUVTAl KAl Ol
KATOAUTIKEG TOUG IDIOTNTEG ava@EépovTal oTnv dlagavela Kal 8a dOUHE TTwG
douAeuouv. To puoépio ot1éxoc cival To rRNA Tou pukoBaktnpidiou. H uébodog
€ival 1000epUIKN a@OU PETA £va apXIKO oTABIO aTTOdIATAENG TWV BIKAWVWV
TTEPIOXWV, - TTOU WG YVWOTOV oxnuarti¢el avadittAoupevo 1o rRNA - kal Tnv
TTPOOBNKN TWV EKKIVNTWY KaI TwV EVCUPWY 01 avTIOPACEIS YivovTal 0TOUG
42°C.
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Metda Tnv atrodidragn Tou rRNA, Tpoadévetal o€ oudAoyn aAAnAouyia 1o
MOPIO EKKIVNTAG TTOU QEPEI ETTITTPOCOETA 0TO 5’ AKPO TOU Kal TRV aAAnAouyia
avayvwpiong TnG T7 RNA tToAupepdong. H avtiotpogn yetaypa@don EekIvAel
QTTO TOV EKKIVNTH KAl CUVOETEI CUUTTANPWHATIKN aAucida DNA ue KaAouTrl TO

rRNA.

2€ «OEUTEPOY OTADIO TO D10 €VCUUO HE TNV 18IOTATA TNG PIBOVOUKAEAONG -
RNAse H - atroikodopei Tnv aAucida RNA oT1o uBpidiké pépio DNA:RNA.
Mpoodévetal vEOG EKKIVNTAG, 0TO GAAO OKPO Kal ouvTiBeTal dikAwvo pbépio

DNA

S 16STRNA TMA
B N
h t
Tll;:romoter-primer { \
@I
H[ rRNA target 1 Primer 2

\
& J/Lw'w
\a
MMMM A

16
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_ TMA
RNA amplicon
100-1000 RNA copies/ dsDNA molecule
QI e
L S

t
D
R V
T7 Promoter-primer @HH Primer 2
T »

B 111111 Y

~10%°amplicons < 60 min o

H T7 RNA tToAupepaon avayvwpilel ToV UTTOKIVNTH TG METAYPAPAG, TTOU
OTTWG €idape TTPOCTEONKE TEXVNTA OTO 5™ AKPO TOU Popiou Kal avTiypager 100-
1000 popia RNA avd dikAwvo uopio DNA. Kdbe éva ammd autd 1a véa RNA pe
TNV OEIPA TOU UTTOPEI va Yivel TO KAAOUTTI yIa TOV OXNUATIOUO VEWV diKAWVWYV
Mopiwv DNA TTOU €TTiIONG ME TNV O€IpA TOUG Ba ueTaypagouv. Me autd Tov
TPOTTO YivovTal CUVEXEIG KUKAOL. H avixveuon Twv avtiypda@wv RNA 1ToU
oxnuaTifovral oTnVv Yev PEBodo AMTD yivetal JETA TOV TEAIKO KUKAO, EVW
oTnv 1o ouyxpovn uEBodo TRCReady®-MTB yivetal o€ TTPAyHATIKO XPOVO.
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Performance of AMTD using culture as end point

Specimen /Origin

Sensitivity

Specificity

PPV

NPV

All samples
(n=2564)

Pulmonary

Extra-pulmonary

Greeks
TB Prevalence = 11,1%

Foreigners
TB Prevalence = 24,5%

AFB (+)
(n=200)
AFB (-)
(n=1910)
AFB (+)
(n=10)
AFB (-)
(n=409)
AFB (+)
(n=143)
AFB (-)
(n=2008)
AFB (+)
(n=73)
AFB (-)
(n=340)

79,9 %

95%

57%

3/4

66,6%

93,6%

63,1%

96,9%

45,5%

98,6%

88,8%

98,9%

3/6

97,9%

83,3%

98,5%

4/8

98%

88,8 %

98,8%

75%

3/6

69,2%

97,5%

68,95%

94%

71,4%

97,2 %

64%

92,7%

3/4

97,6%

65,2%

98,17%

4/6

94,3%
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Ta dedopéva oTnv dlaPAvela ava@EpPovTal OTa XApaAKTNPIOTIKA TG atTOd0o0Nng
NG uEBOGdOU AMTD o€ £va avTITTIPOCWTTEUTIKO dgiypa KATA TO 1A0TAUA TTOU
ATav akOun o€ XpHon oTo epyacTriplo. NAEov €xel avTiIKaTaoTabei Je TNV
pMEBodo TRCReady®-MTB Trou £xel upnAG Babuod autodaTiIopou TOCO OTNV
atrouévwaon Tou RNA 600 kal oTnV atreikovion O€ TTPAYHATIKO XpOVO TwWV

TTPOIOVTWYV TNG avTidpaong.

H evaioBnaoia kai B€TIKA TTPOYVWOTIKNA agia ATav XapunAdTEPES OoTa

MIKPOOKOTTIKG apvnTIKA dEiyuaTa, TOO0 TOU AVATIVEUOTIKOU OCO0 Kl OTA £EW-
QVOTTVEUOTIKA, TTOU aTTOTEAOUV Kal TO OUOKOAGTEPO BIaYVWOTIKO TTPORANUA .
O1 aoBeveic Exouv XwpIoBei o€ ynyeveig Kal Eévoug Kal Ba douue oTnv

OUVEXEIQ TOV AOYO.
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WHO endorses new rapid tuberculosis test (2010)

Product name: Xpert® MTB/RIF
Developers: FIND and Cepheid

‘The Cartridge-Based Automated NAAT is a self-contained
and fully automated technological platform that integrates
sputum processing, DNA extraction and amplification, TB
and MDR-TB diagnosis. It has similar sensitivity to culture,
targets Mycobacterium tuberculosis specifically and enables
simultaneous detection of rifampicin resistance via the rpoB
gene.

+ The closed system ensures that there is no risk of
contamination and no requirement for bio-safety facilities.

» Test results can be obtained in just 90 minutes.

19

H péBodog Xpert MTB/RIF £pepe eTTavaoTacn otnv didyvwaon Tng
QuUUATiwoNG yia pia ogipd Adyoug OTTWG N TTAPNG auTopaToTTIoiNCN TNG, N
uwnAn BloAoyikA ac@daAcia, n Taxutnta TNG (atmoTéAeoua o€ 90 AeTTTd) Kal n
euaIoObnaoia TNG, VW ETTITTPOCHETA ETTITPETTEI KAI TN TAUTOXPOVN QVIXVEUON TNG
QVTOXAG OTNV PIYAMTTIKIVIN TTOU PTTOPEI va XPNOIKOTTOINDEI WG UTTOKATACTATOG
o¢eiktng MDR-TB.
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Xpert MTB/RIF (Cepheid)

rpoB GENE 81 bp RIF RESISTANCE DETERMINING REGION

PROBE D

5'- GGAGCGAGGCAGCTGAGCGAATTCATGGACCAGAAGAAGCCGGCTGTCGGGGTTGAGGCACAAGGGGCGACTGTGGGCGCTG - 3"

3'- CGTGGTCGGTCGACTCGGTTAAGTACCTGGTCTTGTTGGGCGACAGCCCCAACTGGGTGTTCGCGGCTGACAGCCGCGAG - 5
PROBEB. PROBEE

20

H pébodog cival pia Real-time PCR kai BAéTToupE o€ TTpayuatikd Xpovo
TA TTPOIOVTA TTOU OoXNUaTifovtal o€ KABE KUKAO. H p€Bodog eITPETTE
ETTIONG KAl NUI-TTOCOTIKY EKTINON TNG CUYKEVTPWONG TOU BAKTNPIOKOU
@opTiou oT1o KAIVIKO dgiypa. ZTtnv real-time PCR yia Tnv avixveuon Ttou
OXNMATICOMEVOU TTPOIOVTOG XPNOIUOTTOIOUVTAI IXVNBETES TTOU EKTTEUTTIOUV
oNpa — ouvNBwg NEow PBOPIoHOU - JETA TNV EIBIKA TTPOCDECH TOUG O€
auTd. 2Tnv uEBodo Gene Xpert xpnOIUOTTOIOUVTAl 5 IXVNOETEC TTOU
@Oopidouv o€ BIAPOPETIKO PAKOG KUPATOG. O1 IxvnBETEG auTOi
avayvwpidouv 10IKA Kal KAAUTITOUV O1ad0XIKA TNV TTEPIOXN Twv 81 bp Tou
yovidiou rpoB oTnv otroia evtoTTifovTal oI JETAAAAEEIG TTOU EVEXOVTAI OTNV
avTOXN OTNV PIQAMTTIKIVN.
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2.€ TTEPITITWON OTEAEXOUG aypiou TUTTOU, TO OO KAl ATTO TOUG TTEVTE

FIG. 2. Detection of RRDR mutations
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Helb, D. et al. 2010. J. Clin. Microbiol. 48(1):229-237

Journal of Clinical Microbiology
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IXVNOETEG EPPAVICETAI OE TTAPATTANCIOUG KUKAOUG.
2€ TTEPITITWOEIG JETAAAAENG TO OO OTOV OUYKEKPIPEVO IXVNOETN

oev gu@avicetal KaBOAou A eu@aviCeTal 0€ TTOAU JETAYEVECTEPO KUKAO
Kal €101 TO O€iyha auTd XapaKTNEIZeTal WG METOAAAYUEVO OTNV TTEPIOXN
TTOU KOAUTTTEI QUTOG O IXvNOETNG. To TToIa aKPIBWS €ival N HETAAAOEN

n pEBOBOC — oTNV TTPWTN €KBOXN TNG -0V ATAV 0€ BEoN va Tnv

avixveuoel




Awadadvela 22

S. Chakravorty et al. The New Xpert MTB/RIF Ultra: Improving Detection of
Mycobacterium tuberculosis and Resistance to Rifampin in an Assay Suitable for Point-
of-Care Testing mBio Aug 2017, 8 (4) e00812-17

TB Limit of detection Rif-susceptibility Limit of detection

Xport 3 rowt

Ultra also enables improved detection of
RRDR mutations associated with RIF-R.
The replacement of the delta CT, used in -
Xpert, for mutation detection, with the delta N
Tm approach used in Ultra can resolve 3
limitations such as the identification of
silent mutations as causes of RIF-R and the
reduced ability to detect hetero-resistance.
An additional benefit of the delta Tm
approach is that the many RRDR mutations
can also be specifically identified by their
Tm values

22

Mapd TRV uwnAnR evaicdnaoia TG ueBGdOU auTr) deV €ival ETTAPKNG O€
MIKPOOKOTTIKG apvNTIKA dEiyuaTa Kal YEVIKA 0€ aoBeVEIG hE VOOO QTWXI O€
BdakiAo (11.X. o1 acBeveic ye AIDS i Ta TTaidid). H véa ékdoon TG - TTou
ovopaletar Xpert MTB/RIF Ultra — €101X0On yia va avTIUETWTTIOEI QUTOV TOV
TTEPIOPIOPO HIOG KOl £XEI CUYKPITIKG JeyaAUTepn euaiobnaia A) oTtn
d1dyvwaon Tng vooou aAAd kal B) otnv avixveuon JETAANAEEWY OTO yovidlo
rpoB. AUTEG TIG aviXVEUEl TTAEOV PE DIQQOPETIKI) TTPOCEYYION, AUTH TNG
avaAuong Tng Bepuokpaaciag atmmodidragng (Tm) Tou uBpidiou TTou
oxnuartiCel To 1poidv Tng PCR (amplicon) kal onuUaouévog - €1I0IKA
oXedIOoPEVOG - IXvNOETNG (Sloppy Molecular Beacon). To Tm gival
XOpaKTNPEIoTIKO yia K&Be dikAwvo DNA uopio kai gival aAAo yia Ta uBpidikd
MOpIa TTOU oxXNuaTifouv ol aypiou TUTTOU Kal GAAO yia auTd TwV CNPEIAKA
METAANQYPEVWY aAANAOUXIWY, OI OTTOIEG KAl aviXveuovTal AOyw TnG
XOPOAKTNPIOTIKNAG HETATOTTIONG TNG KAUTTUANG atTrodidtagng. TOUAGxIoToV yia
TIG TTOIO OUXVEG METAAAAEEIC — OTTWC TT.X. TNV TTI0 S531L — 0 oxediaoudg
TWV IXVNBETWV ETTITPETTEI O€ TTEPITITWON MEIKTOU TTANBUCUOU, va TTAPOUE
ofpa Pe TNV hJopen dITTAoU peak, akdun Kal av n ouxvotnta Twv
METOAQYPEVWV KOl TWV aypiou TUTTOU OTEAEXWV gival 5% & 95%
avTioToixa. Auth gival pia emTTPOCOETN duvatdTnTa TNG VEag £€kdoong Kal
aTToTEAEI MIa onuavTikh BeATiwon TTou Ba utTopouce BewpnTIKA va
KAAUWEI akOun Kal TNV aduvapia TTou €XEl OPICPEVEG YOPES N KAAAIEpYEIQ
va avixveuoel JeTaAhaypéva oTeAEXN - OTAV AUTA BpioKovTal O€ XAUNAN
OUYKEVTPWAN OTO APXIKO TTANBUGHO - AOyw dIaQOPIKAG in-Vitro avdatTugng
TOUG.
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H péBodog Xpert xpnOIWOTIOIEITAI OTO EPYACTHPIO O€ ETTIAEYPEVA dEiyUaTA PE
KPITAPIO TNV UTTOVOoIa aVOEKTIKAG VOoOouU 1) Tnv moav avalwttupwaon TTalidg
Quuatiwong n deiyuarta amd dUCKOAA TTPOCRACIKNA AVATONIKA OnuEia,
Aepadéveg, ENY kAT, Ta dedopéva otnv dia@Aaveia agopouv EpyaoTnpIokd
atroTeAEoUATa aTTO TNV TTPWTN Version Tou Xpert : OTrwg PAETTOUNE N oxéon
TIVEUMOVIKWY —€EWTTVEUPOVIKWYV delyudTwy Atav 4:3 evw trepittou 10 ~ 30%
TwV acBevwy gival petavaoteg. Kal otnv trepitrrwon tng Xpert MTB/RIF n
evaioOnaoia kal n BeTIKA TTPOYVWOTIKA agia ATav XaunAdTepn oTa
MIKPOOKOTTIKG apvnTIKA KAl OTA £§wavaTTVEUOTIKA deiyuaTa, TToU atroTEAOUV
Kal To QUOKOASTEPO BIayvwoTIKO TTPORANUa. O aoBeveic £xouv Kal TTAAI

Performance of Xpert MTB/RIF using culture as end point

Specimen

Sensitivity

Specificity

PPV

NPV

All samples
(n=439)

Pulmonary
(n=292)
Extra-pulmonary
(n=147)

AFB (+)

(n=31)

AFB (-)
(n=406)

Greeks (n = 309)
TB Prevalence = 17,1%

Foreigners (n=130)
TB Prevalence = 30,7%

79,6 %

83,3 %

60 %

100%

71%

86,7 %

70%

97,1%

98,1 %

95,4 %

4/5

97,3%

97,6%

95,5%

88 %

94,2 %

60 %

96,3%

84%

88,5%

87,5%

94,6 %

94,1 %

95,4 %

44

94,5%

97,2%

87,7%
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XWPIOTEI OE ynyeveic kal EEvouc.
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Performance of Method F/T using culture as end point
Specimen Sensitivity Specificity PPV NPV
All samples 85,4 % 97,0% 58,3 % 99,3 %
(n=886)
Pulmonary 91,7 % 98,0 % 61,1 % 95,5 %
(n=745)
Extra-pulmonary 40 % 97,7 % 33,3% 97,7 %
(n=136)
AFB (-) 81,8% 97,7% 53% 99,3%
(n=874)
Greeks (n = 764) 91,3% 97,2% 50% 99,7%
TB Prevalence = 3%
Foreigners (n=122) 77,8% 96,2% 77,8% 96,2%
TB Prevalence = 14,4%
24

Ta dedopéva atnv diagdaveia aopouV Jia TPITn HopIakr uEBodo - TNV
ovopalw F/T - 1mou yia éva didoTnua ATav € Xprjon oTo EpyacThpIO KAl
TTapatiBevral yiati 6a Ta xpelacToupe oTnv ouvéxela. Kar edw 1éAI divovral
XWPIOTA Ol YNYEVEIG Kal {EVOI Ao OEVEIG.
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Comparison of methods

Method
AMTD FIT Xpert MTB/RIF
GR F GR F GR F
n=2151 n=413 n=764——~n=122 n=309 n=130
Prevalence 11,1% 24,5% 3% 14,75% 17,1% 30,7%
95%Cl 9,1-11,7 20,1-28,6 19-45 89-223 13,1-218 23-345
Sensitivity 80% 80% 913%—— 77:8% 86,8% 70%
95%Cl 74,3-85,2 70,8-87,3 71,9-989 52,3-936 74,6 - 94,5 535-834
Specificity 98,75 % 97,5% 97,2% 97,5% 97,6 % 95,6%

95%Cl 98,1-992 95-98,0 957-982  90,4-989 949-991  89-988
Falce Positive 0,012% 0,025% 0,028% 0,025% 0,024% 0,045%
Rate

PPV 88,1% 90,9%
95%ClI 82,8-922 82,9 -96 34.2-65.8 52.3-93.6 76,6 - 95,6 71-96.5

NPV 97,7% 93,8% 99,79 96,2% 97,2% 87,7%
95%ClI 97-98,3 90,6 — 96,2 99-99,9 90,4 -98,9 94.4-98.9 79,6 —93,5

50%

77,8% 88,5% 87,5%

Detection Limit 3 cfu/ml 3 cfu/ml 132 cfu/ml

To ZATNua TTou BEAW va avadeixBei atrd auTr Tnv dlagdaveia gival N onuaacia Tou £xel
0 OKOTTOG YIa TOV OTT0iO XPnoIYoTToIEiTal pia (Moplakr]) HEBodOoG.

Ta dedopéva oToV TTIVAKA Eival TWV TPIWV PEBGBWY TTOU TTPOaVAPEPONKAV Kal £X0UV
XwpIoTel yia K&Be pia - AMTD, FT kai Xpert - otoug TTANBUGHOUS eEANAVWY Kal EEVV
aoBevwv Kal o Adyog givai yiati ol dUo TTANBUC oI ep@avifouv dIAQOPETIKN ETTITITWON
NG vooou. Me KOKKIVO gival Ta {eUyn TOU XOPAKTNPIOTIKOU TnG HeBSdoU TTou
eupavifovtal OTATIOTIKA ONUAVTIKEG Bla@opES HETAEU EANAVWY Kal EEvwy yia Tnv idla
MEBODBO . H pIKpEG pev aAAd OTATIOTIKA ONUAVTIKEG Sla@opég oTn evaiocdnoia
Kal €181KOTNTA QvTioTOoIXA, YIa TV PéBodo Xpert kat AMTD ptropouv va atrodoBouv
OTO BIAPOPETIKO % TTVEUHOVIKWY -£GWTTVEUUOVIKWY & HIKPOOKOTTIKA
BeTIKWV/apvNTIKWY SEIYNATWY 0TOUG dUO TTANBUCoUOUG Kal ev Ba oTaBW
TEPIOCOOTEPO.

Oa otaBw o1n oAU XaunAi OETIKH MNMPOIMNQETIKH A=IA tng peBddou F/T aTo
Ociypa Twv EANAVWY, TTOU TO OUYKEKPIYEVO BIACTNHA Eixe TTITITWON MOAIG 3%
(eTréuEVO).

‘ETo1 BAETTOUNE OTI HIa PEBODBOG e euaiaBnaia >90% kai e1dIKOTNTA 97% - ApKeTA
UWNAEG Kal o1 dUo — Otav epapudletal o€ €va TTANBuo o Je etTitrtwon 3% odnyei
MEV O€ apvNTIKN TTPOYVWOTIKA agia ~ 100% - dnAadr|, To apvnTIKO aTTOTEAETHA
OUCIaOTIKA ATTOKAEIEI TNV VOOO - aAAG o€ BETIKN TTPOYVWOTIKN aia povo 50%
(eTTOPEVO). AUTO OUVERN YIaTi 0TO CUYKEKPIPEVO TTANBUC S Twv EANAVWY aocBevwy, n
emimTwon Atav idia pe Tn MOavoTnTa Weudwg BeTIKOU atmoTeAéopaTtog . ‘ETol av pia
MEBODBOG dev €xel OKOTTO TO TTANBUCHIOKOG screening, yia va atTokAgioel dnAadn Tnv
vOOO — Kal auTo I0XUEI VIO QUTEG TTOU AVOQEPOUACTE - N EQAPUOYH TNG TTPETTEI va
yivetal o€ aoBeveig pe TTpayuatikd uwnAn pre-test mbavotnTa véoou, woTe To
aTToTEAEOPA va TTPOC0BETEl 0TV dIAyvwWOon.
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P INSTITUT Pitfalls in the molecular diagnosis
{ PASTEUR of tuberculosis

Pr Nicolas Veziris
CNR des Mycobactéries,
Département de Bactériologie
APHP Sorbonne Université,

Hépital Saint-Antoine
CiMi, INSERM, Sorbonne Université

Lesotho 5 France, high clinical suspicion
ﬂ Incidence : 724 / 100 000 — 19, Incidence : 7.7 /100 000 ) 0.01%

HIV+ and homeless (RR 300), cough> 2 weeks (RR 4]

- B No TB
- = [ | 1 | NoTB |
0.01*300%4 = 12 88
Xpert + 089 099
PPV =47% Xpert + 10.68 0.88 PPV =92.4%
- a ;31?%) (9: ;(:1%) (12%85%) (88 % 1%)
* " - o Xpert - 132 871.12 NPV =88.5%
(1x11%) (99X 99%) NPV.=99% (12x11%) (88 x99%)

Genotypic diagnosis not efficient Genotypic diagnosis efficient
if used without clinical suspicion if used following a clinical algorithm
10 VEZIRIS Nicolas - Pitfalls in the molecular diagnosis of TB

11 VEZIRIS Nicolas - Pitfalls in the molecular diagnosis of TB
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XapakKTNPEIOTIKO ival TO TTApAdEIYHa TTOU avagépel o KaB. Veziris Kal apopd
TNV uEBodo MTB-RIif ULTRA . Av oTto Lesotho, yia TTapddeiyua, yia atro TIg
XWPEG ME TNV UWnAOTEPN ETTITITWON TNG TB, KAVOUupE screening, Xwpig TTIAOYN
OTO YEVIKO TTANBUCNO, TOTE TTapd TNV emmitrtwon 700/100.000, n BeTIKNA
TTPOYVWOTIKA agia TNG peBddou Ba cival KATw atrd 50%. AvtiBeTa oTnv [aAAia
ME ETTITTTWON Ta VOOOU OTO YEVIKO TTANBUCPO 100 @oOpeC WIKPOTEPN Qv N
MEBODOG epappooTei o€ eTTIAeypéVo TTANBUO PG T1.X. HIV-positive i doTeyoug,
ME TO KAIVIKO GUUTITWUA TOU Brixa 1Tou dlapkKei yia > atrd 2 efdouddeg,
aKPIBWG €TTEIDNA 0 OXETIKOG Kivduvog TB, oToug aoBeveig autoug, gival
augnuévog katd 1200 @opeg, n BeTIKA TTPOYVWOTIKNA agia TNG uebddou yiveral
92%. Tov KAIVIKOG yiatpo oTnv Tpdaén dev TOV aTTACXO0AE N euaioBnaia f n
€I0IKOTNTA pIag ueBGdou, aAAdG n BeTIKA & apvnTIKN TTPOYVWOTIKN agia TnG.
Ortav, AoItrdv, 0 KAIVIKOG yIaTPOG, TTOU Jag OTEAVEI TO deiyua, Otv €XEl
aglohoyrioel cwaoTd TToI0UG a0BeveiG Ba eAEyEEl, e Paon KAIVIKA ri/kal GAAa
KpIThpIa Kal N pre-test mBavoTnTa gival xaunAn , TOTE To BETIKG ATTOTEAEOUO
TToU Ba TTépEl yiveTal ECAIPETIKA avagIOTIOTO. ZTNV TTPOKEIMEVN TTEPITITWON
gival oav va oTpifoupe éva vouiopa. Agv 1o0xUEl BERaIO TO iDI0 AV O OKOTTOG
gival va attokAgioel N vOoog, OTTOU Kal Jag evOlapEéPE!l N TTOAU uwnAn NPV
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Para-aminosalicylic acd  thyA
(PAS)
Ethambutol (EMB) embCAB operon

Isoniazid (INH) atG,
inhA

Fluoroquinalones () gyrA

Bedaquiline (BDQ) mmpR (RVOS7S), atpk,
pepQ

Clofazimine (CF7) Ppepld. mmpR

Pretomanid (PA-824)/  ddn, fod1, fbiA., foiB,

Delaminid (DLM) BiC, and f6iD

Linezolid (LZD) il mplC

Capreomycin (CAP)  A1408G mutation in 165
HRNA gene (rrs)

Streptomycin (STR) rpsL., rrs, gidB

resistance
TABLE 1 Examples of resistance mutations snd compensatory mechanisms in Mtb.
Drug Major resi o
mutation
Rifanpin (RIF) rpoB 7oA. 1poC
Pyrazinamide (PZA) prcA pmaB2 (epistatic)

thyX-hsdS. ] intergenic region associated, bat
not shown Lo be compensatory

aftA (Rv3792)

ahpC promoter

Extragenic Ry0890c,

Inscrtions in gleC in Mycobacterium aursm
atpB? (suggested)

Unknown

Unknown

Unknown

Increased expression of thyA leading to
methylation of C1409

7psD%, rpsE? (proposed)

Detection of mutations involved in drug

Mycobacterium
tuberculosis has
acquired drug resistance
to all drugs that have
been used against it,
including those only
recently introduced into
clinical practice.
Resistance to each new
drug has occurred within
five to ten years of
clinical use and has
occurred even more
rapidly with recently
introduced drugs

Nimmo C et al. Front. Cell. Infect.

Microbiol. 12: 954074. doi:
10.3389/fcimb.2022.954074
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Na mTepdooupe oTnV HOPIAKK) avAAUCT TwWV HETAAAGEEWY TTOU EVEXOVTAI
otnv avtoxn ota A/®. To MTB £xel epy@avioel avOekTIKA OTEAEXN O€ OAQ TA
@ApPPOKa TTOU £XOUV XpnoiuoTroindei evavriov Tou, o€ didotnua 5-10
XPOVIa aTTd TNV €I0aywyr) TOUG Kal JAAIOTA yia oplopéva aTrd Kaivoupyia
QPAPUAKA O€ QKON OUVTOUOTEPO XPOVO. 2TOV TTiVOKA QaivovTal Ta
KUPIOTEPA aTTO TA YOVidIa OTA OTTOIA €XOUV EVTOTTIOOET JETAAAAEEIG TTOU
EVEXOVTAI TNV AVTOXI OTA QVTIOTOIXO QAPUOKA. 2TIG TTEPIOTOTEPES
TTEPITITWOEIG O HETAAAAEEIG EVTOTTICOVTAI OE TTEPIOPICHUEVES TTEPIOXES TWV
QavTioTOIXWV YoVIdiwVv Kal autd dIEUKOAUVE TNV avATITUEN TEOT PE UEBBDOUG

avAaoTPoPou URBPIBICHOU TTOU ETTITPETTOUV TNV AVIXVEUON TWV

OUYKEKPIMEVWV PETAAAGEEWY Kal T OTTOIO EUPEWGS XPNOIUOTTOIOUVTAI MEXPI

OnuEPQ.
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Reverse hybridization

Chromogen Purple -
’ dTTP, dATP, dGTP and = DNA target
(NETEOE) " precipiiate dCTP biotinylated primers

ofA!kahne phosphatase 3 plus Taq polymerase ‘ y

Streptavidin
Biotin Thermal cycler  INNO-LIPA® strip
Amplified target f

5 - Trough | Trough holder

DNA-probe ==—

v

Hybridization
PCR amplification Stringent wash
Nitrocellulose strip Conjugate incubation
A B Color development

— Interpretation
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2TIG HEBBdOUG avdaaTpopou uBpIdiouou TToANatTAacialoupe pe PCR kal e v
XPON ONUACUEVWY EKKIVATWY, TIG TTEPIOXEG TWV YOVIBIWV OTIG OTTOIEG
evrotriovtal ol MOavES HETOAAAEEIC. TNV OUVEXEIQ TO ONUACHEVA TTPOIOVTA
TTOU TTPOKUTITOUV ATTO TOV TTOAAQTTAQCIAoUSG UBp1difovTal o€ IXVNOETES TTOU
gival aKIvNTOTTOINKEVOI O€ TAIVIEG VITPOKUTTAPIVNG KAl YiVETAI N EJPAVION TOU
OfUaTog.
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21nv dia@aveia aivovTtal ol HEUPPAvVES UBPIBICUOU TNG ueBGdou MTBDRplus
TTOU XPNOIKOTTOIEITAI VIO TV AVIXVEUOT] TWV KUPIOTEPWV PETOAAAEEWY TTOU
euBuvovtal yia Tnv avioxn otnv RIF & Tnv INH. O1 akivnToTtroinuévol oTIg
MEMBPAVEG IXVNOBETES AVTIOTOIXOUV OTIG AYpPIOU TUTTOU AAANAOUXIEG KAl OTIG
ouxVvoTePES METOAAGEEIC. To TTpoidv TNG PCR avdAoya pe Tnv ouoTacn Tou -
TTOU dIa@EPEI avAAoya PE TO av €xel TTPOEABEI aTTd ToV TTOANATTAQCIOOUO
aypiou TUTTOU i} uETaAAayuévou yovidiou -Ba uBpIdIoTE €IDIKA PE TOV
avTioTolxo 1xvnOETn. ‘ETol raipvouue diagopd patterns uppidiopou TTou
EVOEIKTIKA PTTOPEI VA AQVTIOTOIXOUV O€ (ETTOUEVO, ETTOUEVO, ETTOUEVO) ...
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Conventional DST on L-J
Genotype (20 pg/ml RIF)

Resistant (n) Susceptible (n)

rpoB wt 0 1415
rpoB mut 51 4
(H526L, H526N,S531F,
AWTS)
rpoB AWT7(pol1341C>T) 0 10 (6)

Mola N CUOXETION TWV YEVETIKWY OEOOUEVWV PE TOV QAIVOTUTIO ?

Etre1dn oTig Taivieg uPpISICPOU BV UTTAPXOUV IXVNBETEG yIa OAEG TIG TTIBAVEG
METOAAGEEIG, UTTAPXOUV OTEAEXN OTA OTTOIO UTTOPEI Va EVTOTTIOBEI atTouaia TnNg
aypiou TUTTOU AAANAoUXIOG XWPIG OPWG va aviXVEUETAl Kal N ETAAAQEN.
XapakTNPIoOTIKA, YA éva diIdoTnPa 2 Xpovwy attopovwoaue oto EKAM €vav
apIBuS oTEAEXWYV TTOU EPQAVICaV EANEIYN «OAPOTOGY» UPBPISICUOU o€ évav
aTTO TOUG IXVNBETES TTOU avTIOTOIXEI 0€ Ayplou TUTTOU aAAnAouxia Xwpig Ouwg
Kal ojpa uBPIBICHOU O€ IXVNOETN TTOU QVTIOTOIXEI O€ YVWOTH JETAAAAEN. Ta
oTeAEXN AuTd ATAV QAIVOTUTTIKA euaioBnTta otn KaAAiépyeia. H
aAAnAouxoTroinon evog apiBuou atrd autd Ta oTEAEXN, EVIOTTIOE TNV TTAPOUTIa
O1WTTNANG METAANAENG, apa n TTpwTEivN ATav AsiIToupyikr -6nNAadn Ikavr) va
TIPOCOEVEI TNV PIYAUTTIKIVI - KAl WG EK TOUTOU TO OTEAEXOG €uaiodnTO.
AIa@OPOTIOINCEIG HETALU TWV PNEBODWYV UTTOPOUV VA EVTOTTIOTOUV KAl GTNV
TTEPITITWON OPICHEVWY OTTAVIWY PETAANAEEWV PE YVWOTO XapnAS MIC
(EAGX10TN avaoTaATIK ouyKEVTPWON Tou @apudkou). ‘ETol ata uttéAoiTta
1470 oTeAéxn TTOU €ixav avaAuBei TNV ouykekpipévn TTEpiodo, evrotTioOnkav 4
QKOWN BIOQOPOTIOINCEIG, N MIA APOPOUCE OTEAEXOG XWPIC yvwoTr HETAANAEN
(AWTS8) 10 611010 O€EV DIEPEUVNONKE TTEPETAIPW, 2 OTEAEXN ME METAANAEEIG UE
yVwaoTo XapunAd MIC kai éva yia 1o 611010 N dlagopoTroinon meavoTnTa
oQeilovTav O€ TEXVIKO OQAAPQ OTNV QAIVOTUTTIKA avaAuon.
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omparison between MTBDR p/us and DST results
(n=1480 strains)

Conventional DST on L-J
Genotype (0.2png/ml 1SO)

Resistant (n) Susceptible (n)

Wild type 10 1334

22

Mutated 114 1 InhA [-17G>T], 13 InhA [-15C>T], 2 InhA
[-15C>T]+WTInhA, 1 InhA AWTL, 1
AInhA, 2 katG (S315T1), 1A katG, 1
katGAWT

Se =92%, Sp=98,3%, PPV=83,8%, NPV=99,2% 5,

Ooov agopd TNV 1covIadion edw evtoTTi(ovTal TTEPICTOTEPES AVAVTIOTOIXIEG
ME Ta @aIVOTUTTIKA atroTeEAéTPATA. “Evav apiOuo avBeKTIKWY OTEAEXWY TOV
Xavoupe AOyw TnG BavAS TTapouaciag JeTaAAGEEwWY ae GAAa yovidia,
TTEPAV TWV OUO TTEPIOXWYV TTOU €0TIACEI TO TEOT — TIG HETAANGEEIC S315T
Tou yovidiou katG kai heTaAAAEEIC oTa -15 & -17 ntS OTOV UTTOKIVNT TOU
yovidiou inhA . Etriong yia évav apiBuo oTeAeXwV PeE HETAAAAEN OTO
uTToKIVNTH TOU Yyovidiou inhA, n kaAAiEpyeia £0€1Ee euaioBnaoia. Autd
OQEIAETAI OTO YEYOVOG OTI QUTEG OI HETAANAEEIC oUVOEOVTAl E avTOXH O€
XOUNAEC OUYKEVTPWOEIG TOU PAPUAKOU, JIag Kal dpouv YeTaBaAAovTag Ta
ETTITTEdA EKPPAONG TOU yovIdiou ZuvhBwg, AOyw TOU uNXaviouou PE ToV
OTT0I0V A0KOUV TNV dpdon Toug o1 JETAAAAEEIS 0TO yovidio inhA, n avToxn
otnv INH, o€ autoug Toug acBeveig, AvTIUETWTTICETAI BEPATTEUTIKA UE
aug¢non Tng 66ong Tou pappakou. O1 d1aPopES auTESG UTTOBNAWVOUV ThV
agia Tou €xel n empBeRaiwon TNG TEAIKNG EIKOVAG E TNV KAAAIEPYEIQ.
BéBaia uttdpyxouv PETAAAAEEIC - OTTWG N S315T 01O KWAIKOVIO TOU yovidiou
katG , n otroia €ival Kal N TTIO0 GUX VI - TTOU N TTAPOUCIa TOUG CUVOEETAI
atroAuTa pe avroxn otnv iooviadidon. MNa autég n PPV =100%.
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MNa ta deutepevovra A/O xpnoIPoTToIoUVTAl TECT JE AvAAOYN TTPOCEYYION
avaoTpo®ou uBpIdicpou. 210 MTBDRSI v.1, TTOU XpNOIYOTIOIEITO PEXP!
TTPOC®ATA, OTOXOI ATAV Ol TTEPIOXEG TWV YOVIOiWV TNG gyrA Kal TOU ITS TToU
EVTOTTICOVTAI OI TTIO KOIVEG JETAAAAEEIG TTOU EvEXOVTAI OTAV avToxr oTIS FQ Kal
Ta evéoiya A/O avtioToixa, Evw £MITTPOCOETA TO TEOT €€l T duvaTOTATA VA
EAEYXEI KAl YIO HETAANGEEIG OTO Yyovidlo embB TTou evéxovTal OTnV avToxr oTnv
€BaupBouTOAN.
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Table 2.3.4. Accuracy of GenoType MTBDRs/ (version 1.0) for fluoroquinolone
and SLID resistance and XDR-TB, indirect and direct testing (smear-positive
specimens), culture-based DST reference standard

85.6% 98.5% 86.2% 98.6% 0.932 0.333
(79.2-90.4%)  (95.7-99.5%) (74.6-93.0%) (96.9-99.4%)

76.5% 99.1% 87.0% 99.5% 0.547 0.664
(633-86.0%) (97.3-99.7%) (381-986%) (93.6-100.0%)
70.9% 98.8% £59.4% 99.4% 0.888 0.855
[42.9-88.8%) (96.1-99.6%) (38.5-89.0%) (95.0-99.3%)
1 confidence Intsrval: BST: bility testing; SLID: d-line injectable drugs; XDR-TE: extremely drug-resistant tuberculosis.

* Likelihood ratio test for evidence of a significant difference between accuracy estimates.

WHO consoldated guidsiines on tubsrculosi: apid diagnostics for tuberculosis detection. Third edition 33

21nv diagaveia @aivovtal Ta 0edouEVa HETA-aVAAUCEWY TTOU CUMTTEPIEAQRBaV
TTAPA TTOAAG TTEPIOTATIKA KOl AQopouVv TNV euaicOnaoia kai €181kéTNTA TNG
MEBODOU, Yia KABE eTTINEPOUG DEUTEPNG YPAMMAG QVTIQUUATIKO QAPHOKO
OUYKPIVOPEVA TTAVTA JE TNV QAIVOTUTTIKO ATTOTEAEC QL.

H evaioBnaoia kupaiveral atré 76- ~86% evw n €1I8IKOTNTA gival TTdvw atrd 98%
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GenoType® MTBDRsI v2- Hain
Lifescience, Nehren, Germany

GenoType MTBDRs! VER 1 GenoType MTBDRs! VER 2.0

34

Kai edw €xoupe TNV elo0aywyn TTpoo@aTa vewTepng €kdoong Tou TeaT. Ol
aAay€g @aivovtal oTnv dlIa@Avela PE KOKKIVO. Agv UTTApXEl oTnv v2 TO panel
yla To yovidlo embB, TTou 0TTwG €idape gixe xaunAn euaicbnaoia, evw £xouv
TpooTeBEi a) panel pye TRV aypiou TUTTOU aAAnAouxia Kail TIG dUO KOIVOTEPEG
METOAAGEEIC oTO yovidio TNG gyrB yia va augnBei n euaioBnoia didyvwong
avtoxAg oTig F/Q kal panels pe HeETAAAAEEIS OTOV UTTOKIVNTH) TOU YovIdiou eis
TTOU 00NYOUV O€ UTTEPEKPPACT TOU CUYKEKPIUEVOU YOVIOIOU KAl AVTIOTOIXO O€
augnuévn TTapaywyr Tou évfuuou aminoglycoside acetyltransferase trou
adpavoTrolei €I0IKG TNV kanamycin.
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DR-TB diagnosis using solid culture and DST EXI:III'ID;'!:I!

Solid culture 1st line DST

6-8w 3-4w
» MDR-TB diagnosis
after 9 to 12 weeks

MDR-TB diagnosis using liquid culture and DST

Liquid culture 1st line DST

2-3w 1-3w
» MDR-TB diagnosis
after 3 to 5 weeks

MDR-TB diagnosis using line probe assay, liquid culture and DST

Line probe assay «=sap/ MDR-TB diagnosis
24h after 1 to 2 days

Line probe assay Liquid culture 1st line DST
24h 2-3w 1-3w
» MDR-TB diaghosis
after 3 to 5 weeks
35

Me Tnv xprion Twv ueBddwv auTwy PUTTopEi va uelwBei dpapaTiké o Xpodvog
dIdyvwong TNG PAPPOKEUTIKAG AVTOXAG. OEwPNTIKA UTTOPEI VA TTEPIOPIOTEI
oTIG 1-2 NUEPEG PETE aTTO TO BETIKO MIKPOOKOTTIKO I HOPIOKO OTTOTEAEC O
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- Application of the MTBDR plus assay on primary

samples
INFORMATIVE RESULT*
MICROSCOPY
YES NO

POSITIVE 302 (93,8%) 20 (6,2%)
NEGATIVE 80 (65%) 43 (35% )

SUSPICIOUS 2 1

* Culture Positive samples

2NV TPAEN yIa TO EPYQOTAPIO PAG N ATTOTEAECUATIKOTATA TNG JEBOGDOU
MTBDRplus o€ 611 agopd Tnv duvaTtdtnTa VA TTAPOUUE ALIOTTOINCIUO -
TTANPOQOPIAKO — ATTOTEAECHA €ival TTOAU UWNAN OTA PIKPOOKOTTIKA BETIKA
ociyuata >90%, aAAG xapnAéTepn ~ 65% OTa PIKPOOKOTTIKA apvNTIKA
ociypara — dnAadr autd pe XapnASTEPO BakTnEIakS QopPTio
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TIME TO RESULT
Days
First Line TB Drugs Mean * S.D. Min —-Max
AFB - (n=30) 6,75 * 3,22 2-15
AFB + (n=94) 5,68 * 3,16 1-22
Days
MDR Mean £ S.D. Min —-Max
First Line Drugs (n=7) 514 % 39 2-13
Second Line Drugs (n=5) 78% 56 3-17
REDUCTION IN TIME TO DIAGNOSIS
Mean (* SD) : 48,7 * 14,6 days
Min-Max: 13 - 82 day
37

Otav o1 yéBodol gival TTANPOPOPIaKEG OTO APECO deiyua, TOTE TO ATTOTEAEOUA
TNG avTOXAG TO £XOUME KATA HETOV OPO 49 APEPES VWPITEPA ATTO TO
QATTOTEAECUA TNG PAIVOTUTTIKNG EUAICONCiag Kal ival TTPOQAVES TI ONUAIVEI
QuUTO KAl YIO TOV a0BevN Kal yia Tov EAeyX0 TNG dIACTTOPAG TNG VOOOU
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Non Tuberculous Mycobacteria
(NTM) are found throughout
nature in water and soll.

» Over 190 different species and
subspecies.
Most do not seem to cause
human disease

+ Contitionally pathogenic
spieces in susceptible
individuals: M.avium complex,
M. abscessus, M. fortuitum, M.
Kansasii, M. chelonae, M.
marinum etc

» Can cause: lung disease,
lympadenitis, soft tissue
disease, disseminated disease
NTM are relatively resistant to
antibiotics

38

EKTOG a116 Ta €idNn Tou MTBC Kai Ta dUO TTou TTPOKAAOUV TNV AETTPA, Ta
UTTOAOITTA €idN HUKOPBAKTNPIBIWV XOPAKTNPICOVTAI YEVIKA - KOI O€
avTIOIAOTOAN - WG PN UUATILWON PHukoBakTnpidia (NTM). 'Exouv
XOPaKTNEIoTE TTAvw atrd 260 €idn. AuTd €ival €ite oammpoQuTIKG /
TTEPIBAAAOVTIKA 1 €xouv AANOUG aTTd ToV AvBpwTTO, {WIKOUG EEVIOTEG.
ApkeTd a1Td auTd OdpwG, gival duvauel TTaBoydva Kal yia Tov AvepwTro.
MT1TOopoUV va TTPOKAAECOUV avAAOYQ, TIVEUNOVIKH VOO O, AeupadeviTidq,
VOOOUG TWV JAAOKWY POPiwV A akOun Kal didxuTn vOoo, KUpiwg o€
avaookataoTaApéva atopa. MNMoAAG gival oxeTiké avOeKTIKA OTa avTIBIOTIKA
KAl aTTaiTouv yakpoxpovn Bepatreia pe cuvouaouo @apudkwy. O
XOPAKTNPIOPOG Toug o€ eTTiTTEdO €iDOUC €ival avayKaiog Kal yia va TeBEi n
d1dyvwaon Kal yia To oxXedIaouO TNG BepaTTeiag Kail yia TNV TTPOYvVwWon Kal
TTapakoAouBnaon TG €¢€EAIENG TNG vooou.



Awadadvela 39

International journal of Infectious Diseases 125 (2022) 120-131

Review
Global trends of pulmonary infections with nontuberculous
mycobacteria: a systematic review

Victor Naestholt Dahl"***, Martin Molhave', Andreas Floe”, Jakko van Ingen
Thomas Schon®, Troels Lillebaek**, Aase Bengaard Andersen, Christian Wejse

Results: Most studies reported increasing pulmonary NTM infection (82.1%) and disease (66.7%) trends.
The overall annual rate of change for NTM infection and disease per 100,000 persons/year was 4.0% (95%
confidence interval [Cl]: 3.2-4.8) and 4.1% (95% CI: 3.2-5.0), respectively. For absolute numbers of NTM
infection and disease, the overall annual change was 2.0 (95% CI: 1.6-2.3) and 0.5 (95% ClI: 0.3-0.7), re-
spectively. An increasing trend was also seen for Mycobacterium avium complex infection (n = 15/19,
78.9%) and disease (n = 10/12, 83.9%) and for Mycobacterium abscessus complex (n = 15/23, 65.2%) infec-
tion (n = 11/17, 64.7%) but less so for disease (n = 2/8, 25.0%).

Conclusion: Our data indicate an overall increase in NTM worldwide for both infection and disease. The
explanation to this phenomenon warrants further investigation. 39

H mo mpdogarn kai ekteTapévn Méta-avaluon £6€1EE OTI KaTaypA@ETAl
augnTikA Taon Kal o€ OTI a@opd TNV AoipwEn aAAd Kal TRV vOOoO YIa TIG XWPES
TTOU TTapouciacav dedoPEVQA, TTOU Eival AUTES TTOU ATTEIKOVI(OVTAI JE XPpWHA
oTov XapTn. MoAAoi Kal SIAQOPETIKOI TTAPAYOVTEG £XOUV EVOXOTTOINBEI, yia auTh
TNV AugnTIKA TAoN, OTTWG N y\ipavon Tou TTANBUCHOU Kal N CUVETTAKOAoUBn
TITWON TOU AVOOOTIOINTIKOU, N augnon UTTOKEIMEVWY VOONUATWY, N augnon Tng
XPAONG AVOOOTPOTIOTTOINTIKWY QAPUAKWY, GAAAYEC OTOV TPOTTO (WG K.A.TT.
OaAAG Kal n idla N augnon TnG eTTaypUTTVNONG TWV KAIVIKWV YIaTpwV. ATTé Tnv
GAAN N BeATiwon Twv dIaYVWOTIKWY NECWYV KUPIWG YE TNV EI0AYWYI] TWV
MOPIOKWYV TEXVIKWV £XEI BEATIOTOTTOINON TNV OWOTH dIAYyvVWon Kal KaTd
OUVETTEIO KAl TNV AugnuEVn Kataypaor).
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Ratio of clinical significance. Clinical significance per
species
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Vande Weygaerde, Y., et al. Clinical relevance of pulmonary non-tuberculous mycobacterial
isolates in three reference centres in Belgium: a multicentre retrospective analysis. BMC
Infect Dis 19,2019,. https://doi.org/10.1186/s12879-019-4683-y 40

o

Evw n ammopdévwon otnv kaAAiépyeia NTM atré oTeipa deiypata (1r.x. LN) givai
QPKETN yIa va Béon TNV d1Ayvwaon vOoOoU aTro un QUUOTILWON HUKOBOKTNPIdIq,
o€ OTI aPOPA TNV TIVEUUOVIKN VOOO, TTOU €ival Kal N TTI0 OUXVH, Ta TTPAYHATA
€ival TTIo TTEPITTAOKA YIOG Kal N BETIKA KAAANIEPYEIQ PTTOPET VA avTAVAKAG TNV
TTapodIkn emiudAuvon, e¢aitiag TG KaBoAIKNG TTapouaiag Twv NTM oTo
mepIBAAAov. ‘ETol £xouv uioBeTnBei kpitApia atmo Tic ATS/ERS/ESCMID/IDSA
yia 1n d1dayvwaon NG TveUPoVIKNS vooou atrd NTM 1Tou gival cuvOuaouog,
KAIVIKWV, OKTIVOAOYIKWY KAl WIKPOBIOAOYIKWYV EUupnuATwy

MNa va TAnpouvTal Ta TeEAeuTaia XpeladeTal n tautotroinon Tou idlou NTM o€
OUO TOUAAXIOTOV EEXWPIOTA BeiyuaTa Tou aoBevoug. AKOUN, OMWG Kal TOTE, N
mOavoeTnTa TO EUPNUA PJAG VA AvVTAVAKAd TTpayuaTiKr) vOOOU TTOIKIAEI JE BAon
10 €id0o¢ ToU NTM. 21N dia@dveia aivovtal Ta dEQOUEVA HIOG XOPAKTNPIOTIKAG
MEAETNG, N OTTOIO «TOTTOBETNOE» Ta €idN ME BAon TN Aoigoyovo dpdaaon Toug,
a@ouU UTToAoyioTnKE OTO oUVOAO TwVv acBevwy TTou TTAnpoucav Ta
MIKPOBIOAOYIKA KPITAPIa TO Y% TwWV aoBevWwV TTou TTAnpoucav Kail Ta KAIVIKG &
QTTEIKOVIOTIKA KPITHPIA, gixav dnAadn pe Baon Ta guidelines diayvwopévn
vOoo. AploTepd BpiokovTal Ta €idn TToU oTTaviwg 1} Kai TToTé dev TauTi(ovTav e
vOOO Kal TTNyaivovTag TTPog Ta 0e€Id ouvavTape o TTaboyodva yia va
@TAcOoUuE O¢ €idn, 6TTWG TT.X. TO M. sulzgai, TTou N €pyacTnPIakn aTTouOvVwon
TOU onuaivel TTavta vooo.

BAEétToupe Aoimtév Tnv TEpAOTIa onpaacia TTou €xel yia TV dIdyvwaon n
Tautotroinon Twv NTM og emitredo €idoug.
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22

Forward Primer

¥
CGG GAT

CGG A,

>

(@
12

CGA GGC

V2 CTC GGC

GCC CTA

BE N\ ocete 7N\
Y

/

M. tuberculosis

M. genavense

M. heidelbergence/
M. interjectum

M intermedium
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MNa Tnv Tautotroinon o€ eTitredo €idoug Twv NTM xpnoipoTrolouvTal
etTiong pEBodOI avAoTPoPOoU UBPIBICUOU QVTIOTOIXEG ME QUTEG TTOU
ava@épBnkav yia Tnv digpelivnong Tng avtoxng Tou M tuberculosis ota
A/®. ToANaTTAaCIAOUUE PE TNUOCHEVOUG IXVNBETEG TNV UTTEPUETABANTA
TTEPIOXN Tou 16S piBoocwpikol RNA - TTou gival o aTOX0¢ Jag oThv
TTIPOKEINEVN TTEPITITWON - KAl TO TTPOoIov TNG PCR  uBp1difeTal o€
QKIVNTOTTOINKEVOUG IXVNBETES TTOU PEPOUV O KOBEVAG TNV XAPAKTNPIOTIKN

yla To KAB¢ €ido¢ aAAnAouyia
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Identification of NTM (CM/AS Hain Life Science)

o L1
NI

(A)

14 species

(B)

lentifiavum
heckeshornen:
‘szulgailM. intermedium
phiel
"haemophilumiM. nebraskense
Kansasii
jicerans
gastri
M. asiaticum

16 species
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Ta patterns uppiIdiopoU TTOU TTAiPVOUE €ival XapaKTnEIoTIK& Tou €idoug Kal
MOG ETITPETTOUV VA DIAPOPO-OIaYVWOOUUE, ME TIG OUO JEBODOUG TTOU €ival o€
Xpron oto epyacTrplo, 14 & 16 koiva Kal oXeTIKA 110 oTravia €16 NTM
avTioTolXa.
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GenoType NTM-DR allows the detection and differentiation of M.
avium complex (M. avium, M. intracellulare, and M. chimaera) and M.
chelonae Abscessus group spieces (M. abscessus ssp. Massiliense,
M. abscessus ssp. Abscessus, M. abscessus ssp. Bolletii and M.
chelonae)

< and their resistance to macrolides and aminogycosides from cultured

material. Thus, this test system is an additional tool for the diagnosis
and treatment regimen of NTMs.
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Mia emiTpéoBeTn nEB0SOG, avaaoTpo®ou UBPIBICHOU , ETTITPETTEI TV
TAUTOTTOINON O€ ETTITTEDO €i0OUG TWV PEAWV TTOU avrikouv ota M. avium &
M. abscessus/chelonae complexes — 1Tou aTmoTeAOUV TIG TTIO KOIVEG AITIEG
AoipwéNng pe NTM - OTTwg Kai TNV Joplakn diepelivnon TNG  avToxAG TOUG
oTa €10IK& PAPUAKA — TIG HMOKPOAIBES & ANIVOYAUKOGIDEG - TTOU
XPNOIMOTTOIOUVTAI VIO VA QVTIMETWTTIOTOUV AUTEG O OXETIKA DUOKOAEG, OTN
Bepartreia Toug, AOINWEEIG.
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MTBC assay (Hain Life Science)

The GenoType MTBC assay: based on an M. tuberculosis complex-specific 23S
ribosomal DNA fragment, gyrB DNA sequence polymorphisms, and the RD1
deletion of M. bovis BCG

U U
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MeB6doug avaoTpo®ou UBpPISICHOU XPNOIUOTTOIOUME OTA EPYACTAPIO KAl YIA TO
dlaxwpliopd o€ eTTiTTEdO €idOUG TWV PHEAWY Tou MTBC, av autd Kpivetal
amrapaitnTo. Ta €idn autd TTou £Xouv TTavouoIoTUTIN 16S pifoocwuikl RNA
aAAnAouyia diaxwpifovTal e TNV OTOXEUOT TTEPIOXWYV TOU 23 S PIBOCWHIKOU
RNA, Tou yovidiou Tng yupdong B Kail piag YeVETIKAG TTEPIOX YVWOTAG WG
Region of Difference 1 1rou atroucidlel oto M. bovis BCG



Awadadvela 45

The use of next-generation sequencing technologies for the detection
of mutations associated with drug resistancein Mycobacterium
tuberculosiscomplex: technical guide (WHO 2018)

. Next—%eneration sequencing (NGS) is a powerful tool
with the capacity to improve tuberculosis (TB)
management and control throu?h the rapid and
accurate detection of all clinically relevant mutations,
and thereby the rapid diagnosis of drug-resistant TB
(DR-TB) in clinical specimens.

» This information is crucial for clinicians to make prompt
decisions regarding the best therapy to adopt for
treatment of multi- and extensively DR-TB (M/XDR-TB)

» Over time, NGS technologies that enable
comprehensive, rapid DST are anticipated to reduce the
need for phenotypic DST for DR-TB diagnosis,
especially for drugs for which phenotypic methods are

often unreliable, such as pyrazinamide.
45

Quoikd Kal oTNV QuUUATiwong, OTTWG Kal o€ AAAa TTedia, autd TTou aAAACE!l
OpacTIKG TNV €pyacTnpIakr] diIdyvwaon gival ol deUTEPNG Kal TPITNG YEVIAG
MEBoBOAOyYiEG aAAnAouxOTTOINGNG TOU YEVETIKOU UAIKOU. AUTEG £XOUV TV
ouvatoTnTa, Ye TNV TTapdaAAnAn aAAnAouxotroinon Tou DNA, va TTapdyouv
TEPAOTIEG TTOOOTNTEG OEOOPEVWV OE TTOAU HIKPO XPOVO KAl PJE OXETIKA TTOAU
MIKPO KOOTOG . To DNA ptTOopEi va €xel attogovwBei atrd pia KaAAIEpyEIa )
atro €va KAIVIKG dgiyua . To {nTouuevo, EKTOG aTTO TRV dIAYVWON TNG
vOoou, gival va TTPOC@EPOUV Kal TTAPN €IKOVA YIA TV QAPPOKEUTIKN
eualoBbnaoia r avrox avTikabioTWVTAG TIG XPOVOROPES- KOOTOROPES Kal
ETTIKIVOUVEG GoOV aPOpa TNV BIOOCPAAEIQ, PAIVOTUTTIKEG TTPOOEYYIOEIG TTOU
otnpidovtal oTnv KaAAiEpyeia. Me oToxo BeBaia Tnv e¢aTopikeuon TNG
BEPATTEUTIKI AYyWYNG YIQ TNV ATTOTEAEOUATIKOTEPN AVTIMETWITION TNG VOOOU
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A Microbiological Revolution Meets an Ancient
Disease: Improving the Management of Tuberculosis
with Genomics m. wiodarska et al. CMR, 2015, 28, 523-539

Pathology Identification

(speciation, epidemiology, drug resistance)

Bacterial

\ DA Drug Toxicity
R 1 (ex. NAT2, HLA-typing)

Drug Pharmacokinetics
(ex. NAT2)

Host DNA Immunogenomics

(ex. NRAMPT)

AN - |
D Drug Biotransformation
(functional genomics)

—_—

Microbiome
DNA

“Screening of patients for the NAT2 genetic polymorphisms will be useful for the
clinical prediction and prevention of ATLI”. Int J Tuberc Lung Dis. 2012 16(5):589-95

“NRAMP1 might play an important role in the host defense to the development of
tuberculosis”. (PlosONE DOI: 10.1371/journal.pone.0015831
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I6eaT16G 0TOXOG €ival va diveTal ooV TO duVATOV TTIO YPHyopa N TTIo
QATTOTEAECUATIKY €CATOMIKEUPEVN BepaTTeia, TTaipvovTag utr Oyiv OxI uovo Ta
XOPAKTNPIOTIKA TOU BakiAou aAAG Kal TOV YEVETIKO UTTORaBpO Tou acBevoug,
£XOVTAG TTANPOYOPIES VIO KPIOIMOUG TTOAUMOPQPIOHOUG OTTWG TT.X. AUTOUG OTO
yovidio NAT2 1Tou TpodiaBETouy yia NTTAToTOgIKOTNTA OTAV Io0VIAaZidn ] icwg
OKOWN Kal TNV OUVOAIKA) OUCTOOT TOU EVTEPIKOU PIKPOBIWHUATOG, TTOU UTTOPEI VO
eTTNPEALEI TTAPAPETPOUG, OTTWG O METABOAICHOG TV QaPUAKWY Kal KaTd
OUVETTEIQ TNV BI0BIABECINOTNTA TOUG. AKOUN OTTEXOUME APKETA ATTO KATI TETOIO,
OXI MOVO 1 KUPIWG aTTd TEXVIKN ATToWn, AAAQ KaI aTTd TO VA €XOUUE TNV TTARPN
€IkOva TNG BIoAOYIKAG onuaciag Tou TEPACTIOU OYKOU TWV TTANPOQOPIWV TTOU
MTTOPOUV Kal TTapdyouv ol peBodoAoyieg Tou NGS.
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* Novel katG mutations causing isoniazid resistance in

clinical M. tuberculosis isolates

“We report the discovery and confirmation of 23 novel mutations with previously
undocumented role in isoniazid (INH) drug resistance, in catalase-peroxidase
(katG) gene of Mycobacterium tuberculosis (Mtb) isolates. With these mutations,
a synonymous mutation in fabG1g609a, and two canonical mutations, we were
able to explain 98% of the phenotypic resistance observed in 366 clinical Mtb
isolates collected from four high tuberculosis (TB)-burden countries.”

J.N.Torres et al. Emerging Microbes and Infections (2015); doi:10.1038/emi.2015.42

* Adiarylquinoline drug active on the ATP synthase of
Mycobacterium tuberculosis.

(WGS sequencing of) “Mutants selected in vitro suggest that the drug targets the
proton pump of adenosine triphosphate (ATP) synthase.”

Andriers K. et al. Science, 2005 Jan 14;307(5707):223-7.

+ “Systematic review of mutations associated with
resistance to the new and repurposed Mycobacterium
tuberculosis drugs bedaquiline, clofazimine, linezolid,
delamanid and pretomanid”

“..studies characterized 277 mutations in the genes atpE, mmpR, pepQ, Rv1979c,
fgd1, fbiABC and ddn and their association with resistance to one or more of the
five drugs”.

S. Kadura et al. J Antimicrob Chemother 2020; 75: 2031-2043
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2.€ EPEUVNTIKO ETTITTEDO Ol DUVATOTNTEG TTOU PAG TTAPEXOUV Ol TEXVOAOYIEG TOU
NGS cival TEpdoTiEG. H OUOKETION TWV YOVOTUTIKWY KAl TWV QAIVOTUTTIKWV
OeQONEVWYV OIEUKOAUVETAI ONUAVTIKA A@OU HUTTOPOUE VA £XOUME TTOAU EUKOAQ
TNV OUVOAIKN €IKOVA TOU YOVOTUTTOU TOU OpyaviouoU. KATTola XapaKTNPIoTIKA
Tapadeiyuara yia To MTB divovral otnv dia@aveia:

XpNOIYOTTOIWVTAG TNV TPITNG YEVIAG TExVoAoyia NGS, gpeuvnTikry opdda atro
10 Mav/uio Tou San Diego, evtoTTioe — Kal MRERAIWTE OTNV CUVEXEIQ E
pMeTaAagoyEveon oTo M. smegmatis — 23 véeg HETAANAEEIG TTOU evéxovTal
oTnv avroxn otnv iooviadidn. Me autég Kai TIGC AdN YVWOTEG, TTOU avapépinkav
TIpIv, ATav o€ BEon va epunveloouv TTAEov Thv avTox o1o 98% Twv 366
OTEAEXWV TTOU PEAETNOAV.

ATIO TNV AAAN N aAAnAouxoTToiNON OTEAEXWV ETTIAEYMEVWV YIQ TNV AVTOXH TOUG
OTa VEQ QAPHOKA PTTOPEI va UTTOBEIEEl nNXaviouoUug avaTTuéng avtoxng o€
auTd, aAAG Kal va aTToKAAUWE! TOV EVOOKUTTAPIO OTOXO TOUG, OTAV auToi dev
gival yvwaToi 6TTwg oTnv TrepiTTwon Twy diarylquinolones.



Awadavela 48

Figure 1: Conceptual NGS workflow

DNA Extraction } preL:)l;rl'zl;‘i,on » Sequencing } Data Analysis
Clinical sample Do we have all critical

Targeted NGS

or WGS 2 information ?

or short culture ?

Depth of the information obtained ?
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Y1rapyouv d1a@opeg TTAAT@Opues NGS kai dev Ba uTTw o€ TEXVIKA ¢nTHMOTA.
OAeg mTepIAapBavouy Ta oTadIa TTOU avagEPOVTal dIayPAPUATIKA OTNV
dlagpaveia. Atrouovwon DNA, TToAAATTAACI00NOG TOU pe PCR-— OTIG deUTEPNG
aAAG Ox1 OTIG TPITNG YEVIAG HEBGDOUG — Kal dnuioupyia BIBAIOBAKNG pE TOUG
KAwvoug, TTapaAANAn aAANAOUXOTTOINCN TWV KAWVWYV Kal avaAuon Twv
0edouEVWV

2€ OAa T OTAdIA UTTAPXOUV AVOIXTA (NTAUATA TA OTTOIO APOPOUV:

1. To UAIKG aTTd TO OTTOI0 UTTOPOUNE Va EeKIviiooupe. MTTopoupE va
XPNOIUOTTOINCOUKE TO KAIVIKO Beiyua 1] XPEIAZeTal EUTTAOUTIONOG TOU PETA aTTd
KAAAIEPYEIQ 1] HE AANO TPOTTO TT.X. ETTIAEKTIKO « WAPEPO» TOU BakiAou ?

2. H aAAnAouxoTroifjan Ba KaAUTITEl OAO TO YEVETIKOU UAIKOU 1) apKei n KGAuywn
ETTIAEYPEVWV TTEPIOXWYV TOU (TT.X. YOVIdIa TTOU EVEXOVTAI OTNV avTOXH).

Ta 1rTUEAa T1.X. €ival TTAoUCIa o€ avBpwTTIva KUTTapa — Kal GAAN xAwpida —
Kal To WGS, xwpig eUTTAOUTIONO, divel ouvABwG TTavw atto 99%
aAAnAouxiec ouOAOYEG UE AQUTEG TOU AVOPWTTOU, UE ATTOTEAECHA XOUNAN
evaioBnoia , og avtiBeon Pe TNV oToxeuoduevn aAAnAouxoTtroinon (tNGS)

3. 'Exoupe 6An TNV KAIVIKA XpAoIun TTAnpogopia? Mvwpidoupe TNV KAIVIKN
onpacia Ka0e PeTAAAAENS A TTOAUPOPPICHOU, WOTE VA TTEPIOPICTOUNE OTNV
TEXVIKA TTI0 EUKOAN O0TOXEUONEVN aAAnAouxoTToinon ?

4. 600 e€avtAnTIKA €ival n TTANPOPOPIa TTOU TTAIPVOUNE WOTE VA YNV Hag
dla@eUyel KATI KAIVIKG onUAvTIKO KAl VO QVTIKATOOTIOOUPE GAAEG TTPOOEYYIOEIG
? AvixveUoupe T1.X. ETEpOAVTOXH (TNV TTapoucia dNAadr UTTOAEITTOUEVOU
TTANBUCHOU) Kal o€ TT010 TTOOO0OTO ? MTTOpOUNE VO KATOPYHOOUWE TEAEIWG TNV
KaAAiEpyela ? AuTd gival akOun avoikTd nTAPATA Kal atro TEXVIKA dtTown Kal
atro TNV aTToyn TNG TTANPOTATAS TNG TTANPOPOPIAG.
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Prediction of Susceptibility to First-LineTuberculosis Drugs by
DNA Sequencing
The CRyPTIC Consortium and the 100,000 Genomes Project, NEJM, 2018

We obtained WGS and associated
phenotypes of resistance or susceptibility to
the first-line antituberculosis drugs isoniazid, %
rifampin, ethambutol, and pyrazinamide for
isolates from 16 countries across six
continents.

Mutations associated with drug resistance
and drug susceptibility were identified across
nine genes, and individual phenotypes were
predicted unless mutations of unknown
association were also present.

10,209 isolates were analyzed

Resistance to isoniazid, rifampin,
ethambutol, and pyrazinamide was correctly
predicted with 97.1%, 97.5%, 94.6%, and
91.3% sensitivity, respectively, and
susceptibility to these drugs was correctly
predicted with 99.0%, 98.8%, 93.6%, and
96.8% specificity. Figure 1. Simulated Negative Predictive Values for Individual Drugs
Predictions of pansusceptibility met WHO o conpless Drup R

standards for sensitivity & specificity

Public Health Authorities in England, the Netherlands and NY decided to stop
phenotypic DST of isolates predicted to be pansusceptible to 1t line drugs

100
85

Megative Predictive Value (3]
= % 8 & B8 8 3 8

© 0 2 30 40 0 & 70 0 % 10
Provalence of Resistance [3%)
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To 2018 10 d1EBVEG concortium CRyYPTIC kail To BpeTaVIKO TTPOYPAUMA TWV
100.000 genomes, dnuocicuoe Ta dedopéva hIag EKTETAPEVNG avAAuong, OTn
OTTOIa CUCXETIOAV TO YOVOTUTTIO PE TO GAIVOTUTTO Yia TTavw a1t 10.000
OTEAEXN MUKOBAKTNEISIWV. H avaAuon Twv HETOANGEEWY O€ 9 YEVETIKOUG
TOTTOUG ATAV APKETA yIa va TTPOoRBAEWEl e uwnAR akpieia Tnv euaioBnaia yia
Ta TECOEPA TTPWTEUOVTA AVTIQUUATIKA @Apuaka. [MpocouoliwvovTtag Ta
O0edopEVA TOUG PE BIAPOPETIKEG ETTITITWOEIS AVTOXNG, BPAKAV OTI N apvnTIKN
TTPOYVWOTIKA aia yia TNV avtoxr oTa @ApUAKA AuTd, TTAPAUEVEL TTOAU UwnAn,
QKOMN Kal av BEWPrOOUNE ETTITITWOEIG APKETA HEYAAES - TTOAU TTEPQ ATTO
QUTEG TTOU CUVAVTWVTAI OTNV TTPAYUATIKOTNTA. [NaTi ye Tnv NPV 10XUEl TO
avtioTpo@o atod Tnv PPV: 600 auédvel n emitrtwon 1600 peiwveral n NPV. Mg
auTd Ta OTOIXEIO KAl PE TO OEDONEVO OTI N A&IOTTIOTIO TNG TTPOCEYYIONG
IKavoTrolgi Ta standards 1Tou B¢€tel o MOY, n M. Bpetavia, n OAAavdia K.a.
OTANATNOAV TOV QAIVOTUTTIKO €AEYXO PE TNV KOAAIEPYEIQ OTA OTEAEXN TTOU
YEVETIKA KpivovTal w¢ TTav-guaiodnra.. To yeveTiKO UAIKO Tou Bakilou yia To
WGS 110U £@apPOlOUV, ATTOPOVWVETAI JETA ATTO OAlyoruEPN (~3 NUEPEG)
QVATITUEN TOU O€ uypr KaANIEPYEIQ.
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What does this mean?

Phenotypic Susceptibility Testing R"adn SS“ i s —

for Mycobacterium tuberculosis 1soniazid Saraiive 085
Pyrazinamide Sensitive >98.5
Ethambutol Sensitive >98.5

Drug WGS Prediction | Predictive value (%)

Rifampicin  No prediction >97.8
Isoniazid Sensitive >98.5
Pyrazinamide  No prediction >97.8
Ethambutol No prediction >97.8

Key Points
Improved performance of WGS allows for reduced phenotypic testing
Predictive value of sensitive prediction is at least 98.5%

70 - 85% of M. tuberculosis isolates will no longer undergo phenotypic
susceptibility testing

Isolates predicted to have resistance to one or more first line agents, or where
WGS information is insufficient to make a prediction, will have phenotypic
testing performed

The choice of drugs tested phenotypically will depend on the pattern of WGS
predictions
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21tn M. Bpetavia 11.X. TO EOVIKS ZUoTnua Avagopdc yia Ta MukoBakThpidia
OEV KAVEI QAIVOTUTTIKO EAEYXO QVTOXNG YIa Ta OTEAEXN OTA OTTOIA N
aAAnAouxoTtroinon dev evroTridel PETOAAAEEIG avToxNG oTa 4 KUupla A/D, piag Kal
n TPORAEWnN yia auTtd gival akpIBig yia TouAdxiotov 10 98,5% Twv
TEPITITWOEWYV. AUTO OTnV TTPAEN onuaivel OTI BEV YiVETAI KAVEVAS QAIVOTUTTIKOG
€Aeyxog yia 1o 70-85% Twv oTeAexwv. Kai Ox1 pévo autd: MNa ta utroAoima
OoTEAEXN O PAIVOTUTTIKOG EAEYXOG YIVETOI OTOXEUUEVA O€ CUYKEKPIMEVA A/D e
Bdon Tnv yeveTIKA €IkOva.
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Comprehensive Resistance Prediction for
Tuberculosis (CRyPTIC Consortium)

» Our ultimate goal is to achieve sufficiently accurate genetic
prediction of resistance to most of the anti-tuberculosis drugs, so
that whole genome sequencing replaces culture-based DST for TB.

* The development and validation of a high throughput 14-drug
microtitre plate assay is a crucial component of CRyPTIC as a
means to provide standardised gquantitative minimum inhibitory
concentrations (MIC) for drug-susceptibility phenotypes.

* The use of statistical methods to detect associations between robust
and accurate MICs and genetic variants identified from whole
genome sequencing (WGS) data of a large number of isolates will
enable prediction models to accurately identify resistance-conferring
genetic variants and to precisely quantify their contribution to the
degree of drug resistance of an isolate.

*  We will assemble a global and clade-representative WGS collection
to develop and use (i) better WGS assembly methods to identify
more genomic variants with more precision, and (ii) improved
statistical methods, both statistical genetic and machine learning, to
detect associations between genetic variants and both quantitative
and binary DST.
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‘Exoupe 6An TNV TTAnpo@opia kai yia 6Aa ta eappaka ? Oxi akoéun. MNa autd
Kal YIVETAI YIO CUVTOVIOUEVN TTPOCTTABEIa O€ DIEBVEG ETTITTEDO PNECW
OUVEPYAOIWY, MIa aTTO AUTEG €ival Kal To KovoopTtaloud CRYPTIC, ag evog
MEV VO UTTAPEOUV agIOTTIOTA TTOCOTIKA OEQOUEVA YIA TIG EAAXIOTEG AVAOTAATIKEG
OUYKEVTPWOEIG KABE @papuakou (MICS) Kal apeTEPOU va YiveEl CUOXETIOT TOUG
ME TOUG YOVOTUTTOUG, VIO £va JEYAAO apiBud oTEAEXWV DIOPOPETIKOU YEVETIKOU
background.
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All resistance SNPs are not equal

Using Moxifloxacin as an
Example

Proportion of Patient Population Reaching Therapeutic Targets
for MOX based on MICs predicted by Mtb gyrA mutations

5 300 age 0 0
‘Area under the inhibitory curve (AUIC)
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Mati ekTO¢ TwV AAAWYV, OAEC OI HETAAAAEEIG Bev eival “idleC” aTTd TRV ATTown
TWV QAIVOTUTTIKWYV ETTITITWOEWV. lNa TTapadeiyua kal o€ o1 apopd TNV
0eUTEPNG YEVIAGS KIVOAOVN Moxifloxacin, o1 dla@opeTIKEG JETAANAEEIC OTO
yovidio TnG yupdong A - TTou ouvoEovTal, OTTWG TTPOAVAPEPONKE, UE TNV
QaVvTOXH OTIG KIVOAOVEG - AUEAVOUV JEV TNV EAAXIOTN QVACTAATIKH OUYKEVTPWON
o€ OAEG TIG TTEPITITWOEIG OE OXEON ME TO AYPIOU TUTTOU YOVidIo, O€ SIAPOPETIKO
OMWGS BaBuo, 6TTwG @aivetal atmd TNV Katavour Twv MICs. ‘ETol évag aplBuog
a0Bevwv PTTOPE va eTTWEEANBEI aTTd TO PAPUAKO, JE aUgnon TG docoAoyiag
TNG KIVOAGVNG, OTNV TTEPITITWON TTAPOUCiag JETAAAAENG TTOU TTPOCPEPEI
XOUNAG eTTiITTESO AVTOXNAG.
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1491F is an rpoB mutation located outside the RRDR, is not detectable by
routine mDSTs . It is also a low-level resistance mutation that is
undetectable by the phenotypic DST

Beckert et al. Genome Medicine (2020) 12:104
https://doi.org/10.1186/513073-020-00793-8

MDR M. tuberculosis outbreak clone in Eswatini
missed by Xpert has elevated bedaquiline
resistance dated to the pre-treatment era

rpoB 1491F mutation accounted for up to 56% of RR-TB in Eswatini

Euro Surveill. 2024;29(28):pii=2400420. https://doi.org/10.2807/1560-7917.E5.2024.29.28.2400420

First detection of a Mycobacterium tuberculosis XDR

clinical isolate harbouring an RpoB [491F mutation in a
Ukrainian patient treated in Germany, October 2023

Antimicrob Agents Chemother. 2022 Dec 20;66(12):0092522. doi: 10.1128/aac.00925-22.

First Detection of Mycobacterium tuberculosis Clinical 1solates
Harboring 1491F Borderline Resistance rpoB Mutation in

Myanmar %3

H onuaaoia Tou va ¢Epoupe OAES TIG HETAANAEEIC AAAG KOl TNV AKPIPRR ETTITTTWON
TOUG OTOV QAIVOTUTTO QaiveTal Kal atro To £¢A¢g TTapddelypa. H MeTGAAagn
lle491Phe oTo yovidio rpoB cival £€Ew atrd Tnv TTepIoxn Twv 81 bp TTou
BpiokovTal o1 HETAANGEEIG TTOU £€nyouV TNV avTtoxr oTnv RIF yia 1o 95-98%
TWV TTEPITITWOEWV. EmITTpoo0eTa &€, TTPOCPEPEI AVTOXT HOVO O€ XaUNAG
ETTITTEDA TOU PAPHUAKOU, PE ATTOTEAECHUA VA «EEPEUYEI» TOOO ATTO TA JopPIaKA
TEOT TTOU €XOUNE ava@EPEl, OO Kal ATTO TIG QAIVOTUTTIKEG DOKINOTIEG AVTOXNG.
AuTO otnv TTpdaén odnyei oe AdBog Bepartreieg apou n RIF civail
QVOTTOTEAECUATIKA 0€ auToUG Toug aoBeveic. OtTwg Tpoavagépaue étav o
TTARPNG CUVOUAO OGS TWV QAPHAKWY OEV gival ATTOTEAEOUATIKOG QUTO PTTOPEI
va odnynoel otnv avadeign KAwvwy Pe emmpooBeTn avroxr. Kal auto eixe
non vivel oto BaciAeio Tou Eswatini, 0tav eviotrioTnKe N JETAANAEN Kal Ol
MOVOo autd aAAd uThpxe N evepyng diaotropd Tou MDR-TB kKAwvou T1Tou Tnv
£QEPE KAl TTOU AVTIOTOIXOUOE OTO 56% TWV TTEPITITWOEWV AVTOXNG. EKTOTE VEEQ
ONUOCIEUCEIC aVAPEPOVTAI O€ EVTIOTTIONO TNG METAAAAENG Kal O GAAES
TTEPIOXEG/TTANBUC UOUG.
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Meehan et al. Whole genome sequencing of Mycobacterium
tuberculosis: current standards and open issues
Nat Rev Microbiol 2019 Sep;17(9):533-545.
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Me 1o WGS, uTropei va attToKaAUTITOVTAI OTTAVIEG JETAANAEEIG, TTOU
evTOTTICOVTAl O€ EAAXIOTA OTEAEXN TTAYKOOMIWG. AUTO dnuIoupyeEi TNV avaykn
Va TTEPACOUE O€ VEEG TTPOOEYYIOEIG OTN dIEPEUVNON TNG OXEONG YOVOTUTIOU-
@aivoTuTrou. H KAQoIK TTpoo€yyion TTou oTnpieTal oTo TTO00 I0XUPA
OTATIOTIKA €ival N CUOXETION EVOG CUYKEKPIUEVOU YOVOTUTTOU WE TO
QAIVOTUTTIKO XAPOKTNPEIOTIKO PTTOPEI VA PNV €iVal EQIKTI OTIG TTEPITITWOEIG
QUTEG, AOYyw TNG OTTaVIOTNTAG TWV METOAAGEEWY, Kal va XpeladeTal va
OUNPTTANPWOEI 1} Kal VO UTTOKOTAOTABEI, YE TTEIPANATA OTOXEUPEVNG
MeTOAAOENYEVEONG KAl aVAAUCNG TNG YEVETIKNG EKQPACNG 1 AKOPN KAl PE TNV
avaAuon in silico .. Twv OTEPEOOOPWYV TWV TTPWTEIVWV TTOU £TTNPEAlOVTAI KAl
TNV TTPORAEWN TWV ETITITWOEWY OTNV AEITOUPYIKOTNTA TOUG.
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The 2021 WHO catalogue of Mycobacterium tuberculosis complex mutations

associated with drug resistance: A genotypic analysis
TM Walker, et al. The Lancet Microbe (In press)
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Sensitivity and specificity for all drugs. Sensitivity, bars going upwards from 0, specificity bars going
downwards from 100. The colour scheme shows the incremental sensitivity gained, and corresponding
specificity lost, by expanding the catalogue to include first group 1 and then group 2 mutations, in each
case without the use of expert rules, and then adding in the expert rules. With the exception of
borderline rpoB mutations, all mutation subject to an expert rule were graded as group 2. Confidence
intervals are for the total effect of all mutations.
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Tnv ouAloyn Twv OEDOUEVWV TOOO ATTO KAACIKEG CUOXETIOEG YOVOTUTTOU-
@AIVOTUTTOU aAAG Kal ATTO TIG AAANEG TTPOCEYYIOEIG TTOU avaQEPBNKAV TNV EXEI
avaAdper o MOY. To 2021 dnuocicuce TO TTPWTO KATAAOYO CUOXETIONG
MeETaAAGEewY Kal avToxAg yia 13 A/ tTou cuoTrvovTal yia Tnv Bepartreia TnG
vooou Kal To 2023 Tov 6e0TEPO. O1 HETAAAAEEIC KATATACOOVTAI O€ AUTEG UE
IOXUPI OUOXETION, O€ QUTEG E KTTPOCWAPIVI» CUCXETION, ONAAdN pe YIKPO
QKOPN apiBud oTeAEXWV YIa Va UTTAPEOUV I0XUPA OTATIOTIKA O£OOUEVA KOl OE
QUTEG TTOU N QUON TNG METAAAOENG ETTETPEWE VA KATATAYOUV WG EUTTAEKOUEVES
OTnNV avToxn Xwpic apketd dedouéva ato TeoT avioxngs (1r.x. frame sifts,
premature stop codons), o€ aQUTEG TTOU BEV CUOXETICOVTAI JE AVTOXN KOl O€
QUTEG TTOU €ival AyvwaoTn n 0X€oN TOUG JE TNV QAPUOKEUTIKN avTox. 21NV
eIKOvVa N PTTapa, yia KaBe @dappako atrd 1o 0 Kal TTpog Ta TTavw dEiXVEl TRV
evaioBbnaia kar autrh aéd 10 100 KaI TTPOG Ta KATW TNV €1I0IKOTNTA. ME Ta
dedopéva Tou TTpwToU KaTaAdyou, yia ta A/® rifampicin, isoniazid, ethambutol,
fluoroquinolones, and streptomycin, n aBpoioTikr} euaicOnoia givar >80%.
2UVOAIKA N €101IKOTATA €ival TTavw atro 95% yia OAa TAnv Twv ethionamide
(91-4%), moxifloxacin (91:6%) ka1 ethambutol (93-3%). Opwg yia Ta véa
@appaka 01Twg n bedaquiline, delamanid, clofazimine, linezolid Ta dedopéva
ATav akOun eAAxIoTa AOyw TOU PIKPOU apIBPOU avOEKTIKWYV OTEAEXWV.



Awadavela 56

Catalogue of mutations in
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To 2023 dnUOCIEUTNKE O ETTIKAIPOTIOINKEVOSG OEUTEPOG KATAAOYOG TTOU
TepINauBave Ta dedopéva atrd ~14000 eTITTAéOV OTEAEXN KOl TA TTPWTA YIA TN
pretomanide. H ouvexng €mkaipotroinon, 0TTwg gival uUOIKS BEATILVEI TV
evaioOnaia, €I0IKOTNTA, Kal BETIKNA TTPOYVWOTIKA agia. AKOPA OuwWG yia TTOANG
QApPPOKa €ipacTe JakpPIG aTTd pia KatdoTaon TTou Ba eTTETPETTE va
UTTOKATOOTACOUUE TOV QAIVOTUTTIO E TO TOV HOPIAKO EAEyX0 avToxnig. lNa
TTapddelyua yia Tnv BD €xoupe 5 eTAAANAEEIC e 1Io0XUpPr oUuoXETION Kal 81 pe
«TTPOCWPIVA» CUCXETION KAl N oUvOUAOUEVN EualoBnaia Toug gival povo 49%
evW yia TNV DLM  €xoupe povo 24 PeTOAAAEEIG E «TTPOCWPIVA» CUOXETION PE
TNV avtoxn kai euaiodnoia 14,7%. Eival cagég o011 xpeiddovTal, €1I0IKA yia Ta
VEQ QApUOKA, TTOAAG dedOpEVa aKOUN
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DNA can be sequenced by threading it through a microscopic pore in a membrane.

Bases are identified by the way they affect ions flowing through the pore from one . Staphylococcus aureus a-

side of the membrane to the other

hemolysin: oligomerization of
the toxin monomer forms water-
filled channels.

* @29 DNA polymerase:
synthesis is continual and
involves a strand displacement
mechanism

Pocket-sized, portable device
Sequence outside a lab

Up to 512 nanopore channels
Simple 10-min sample prep
available

Real-time analysis for rapid,
efficient workflows

« Adaptable to direct DNA or RNA
sequencing

* Access to sequencing for $1,000
10-20Gb per 48 hrs
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H 1piTng yevidg Texvoloyia aAAnAouxoTroinong TTou avaTrTuooEl N ETalpEia
Oxford Nanopores, €xel 0TOXO va PETAPEPEI TNV AAANAOUXOTTOINCN GTO TTEQIO
N TTapda TNV KAivn. H yéBodog otnpileTal o€ akivnTOTIOINUEVOUG OE [N
NAEKTPOBIOTTEPATO UTTOCTPWHA VAVOTTOPOUG TToU @TIAXVEI N a-hemolysin
(SrepeuvouvTal kal GAAoI BIOAOYIKAG 1 TEXVNTAG 1 KAl «UEIKTAG» KATAOKEUNG
TOpol). Ala@opd duvauikou eEaa@alilel oTabepr| por) 1I0VTWV HECW TWV
TTOPWV n oTroia dIOKOTITETAI, AV TTEPACTEI Eva UEYAAO MOPIO KAl PPAEE!
TTapodIKA TO TTOPO. H aAAayry oTnv TA0N TOU PEUPOTOG TTOU KATAYPAPETAI Eival
XOPAKTNPIOTIKA YIa TO NOPIO.

MNa 11 avaykes TNG aAAnAouxoTToinonNong EAEYXETAI N TAXUTNTA PE TNV OTToIA
TTEPVA HECA ATTO TO TTOPO TO JOVOKAWVO POpIo DNA. AuTO €TTITUYXAVETAI UE
TNV Xpnoiyotroinon Tng DNA TToAupEPAONG Tou @Ayou 929, TTou £XEl Kal
KataAuTIKA 1810TNTa avTioToixn Twv helicases kai utmopei e ouvexrn & otaBepd
puBuod va avoiyel To dikAwvo PopIo Tou DNA, eITPETTOVTAG OTOV £vav aTTd
TOUG KAWVOUG va TTeEPVA e oTaBepd pubuod péoa atod Tov Tépo. H diagopd
Tdong, TTou gival avadAoyn TNG oUOTAONG TWV PACEWY KaTaypd@eTal avd
TPITTAETA KOl £€TOI ETTITUYXAVETAI N aAAnAouxoTroinon.

Mia Baoikr) aduvapia Tng peEBOdoU gival To PeydAo TToo00TO AdBOUG TTOU GPWG
auTo avTioTadpiletal atd 10 «BA60Sc» TNG aAAnAouxoTroinong aAAdG Kai
TEXVIKEG BEATILOEIG TNG idIAG TNG HEBODOU.

H etaipeia £xel BEael ae kukAogopia mini ekdoxEG TNG PEBODOU, PE EAAXIOTO
MEYEBOG TTOU CUVOEOUEVEG E POPNTO UTTOAOYIOTH HETAPEPOUV THV
aAAnouxotroinon oTo 1edio £€w aTrd To EpyacThPIO.
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{2 NANOPORE 58

In addition to the What's in my pot?
(WIMP) species identification workflow, - -
Oxford Nanopore has developed a embC | embR | ethA | ethR | fabG1

ahpC | atpE eis embA | embB

complete end-to-end analysi line for folc gid gidB gyrA ayrB
AMR profiling of M. tubercult amples. -

Ihe pipeline is available on the cloud- inhA | kasA | katG | ndh | pncA
based EPI2ZME platform which offers easy plC rpoB poC rpsA rpsl

access to a number of analysis workflows ol e thyA thyX A

for commonly used applications.

Oxford Nanopore, have successfully completed phase | of a DR-TB NGS
study, involved the development of a rapid end-to-end sequencing workflow
to identify mutations associated with drug-resistance across the TB
genome, directly from clinical samples as part of a research study.

The nanopore targeted sequencing solution succeeded in the Phase |
analytical evaluation by reaching or surpassing the main WHO performance
targets, including genotypic sensitivity (>98%), genotypic specificity (>98%),
limit-of-detection (<1000 cells) failure rates (0%), turnaround time (target
<24 hours, achieved 8 hours) and ability to detect mixed resistance (=210%
heteroresistance detection).

H etaipeia £xel avatrtugel yia end-to end , 6TTwg AéyeTal, EQapPoyn, TTou
KaAUTTTEl SNAadr OAa Ta otadia aTrd 1o KAIVIKG deiyua JEXP!I TV avagopd Tou
ammoteAéopatog . Eival yéBodog tINGS . Ta yovidia oTOXOI QaivovTal oThv
dlapAvela Kal N eTalipeia avapEéPel TTOAU evBAPPUVTIKA aTTOTEAEOUOTA JETA TRV
oAokAfpwan Twv KAIVIKWV trials, T6oo 6oov agopd Tnv euaiocbnaoia kai
€1I0IKOTNTA, aAAa Kal TO XauNAG oplo avixveuong ( <1000 BAkIAol 0TO KAIVIKO
Ociyua), TNV TaxUTNTA KAl TNV IKAvOTNTA va avixveuel etepoavTtoxn (210% ).
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Eutropikr) end to end péBodo yia Tnv diagopodidyvwaon 140 S1aQOPETIKWV
€10WV PukoBakTnpEIdiwv Kal Tov EAEyX0 TnG avtoxAg o€ 15 A/O @dpuaka oTtn
TePITTTWOoN TauTtotroinong MTB, OTTwG €TTiIONG KAl YOVOTUTTIKK avaAuaon Tou
oTeEAEXOUG e TNV HEBODO spoligotyping — Tnv oTToia Ba doUUE OTNV CUVEXEIQ
- €x€1 avaTtrTugel kal n eTaipeia GenoScreen. H péBodog €xel CE/IVD kai
MTTOPEI va €QappoOoTEi TOOO 0€ KAIVIKG deiyuaTta 600 Kal KaAAIEpynpEVa
oteAéxn. E@appddel targeted NGS, €xel euaiobnoia >97% ouykpivouevn pe
mpoogyyion WGS kal eTTITTPO0OETA UTTOPEI VO aviXVEUOEI ETEPOAVTOXN OE

A fast, deep sequencing-based assay for antibiotic resistance prediction of
Mycobacterium tuberculosis complex + mycobacterial identification and genotyping

An all-in-one assay based on targeted sequencing

Highlights

« Prediction of resistance to 15 anti-TB drugs
Easily visualise resistance associated mutations in
(detected) M. tuberculosis complex (MTBC) gene targets,
thanks to our Deeplex web app for automated analysis
and interpretation of the sequencing data

« Genotyping and spoligotyping of MTBC strains
Get to know the lineage / sublineage and spoligotype
of MTBC strains present in the sample. Detect mixed
infection involving distinct MTBC lineages/sublineages

ion of more than 1

Identify mycobacteria including most species of dlinical
or veterinary relevance: MTBC, M. kansasi, M. abscessus,
M. intracellulare, M. avium complex, and many more
Detect co-infection/co-colonization with distinct species.

 Tumaround time of less than 48 hours

Save time using DNA from ciinical samples®, prepare
libraries, sequence and analyse results in the Deeplexweb
app for a total tumaround time of less than 48 hours.

* Highly sensitive
Predict >37%** of MTBC resistance profiles detected by
whole genome sequencing, identify heteroresistance
down to 3% subpopulations and work with DNA loads
down to 100 genomes.

directly from the web app and exported in several formats (Figure 2).

Deeplex® Myc-TB
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uTTOTTANBUC PO TTOU BpioKeTal € TTOOOOTO 3% TOU OAIKOU.
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Use of targeted next-generation sequencing to detect drug-
resistant tuberculosis
WHO, Rapid communication, July 2023

» Targeted NGS was found to be accurate

* Among people with confirmed pulmonary TB pooled Se of = 95% for
rifampicin, isoniazid, moxifloxacin and ethambutol, 94% for
levofloxacin and 88% for pyrazinamide. Sp = 96% for all drugs.

* Among people with RR-TB was accurate for isoniazid, levofloxacin,
moxifloxacin, pyrazinamide and ethambutol (pooled Se = 95%), and
acceptable for bedaquiline (68%), linezolid (69%), clofazimine (70%),
amikacin (87%) and pyrazinamide (90%). Sp was = 95% for all drugs
except streptomycin (75%).

» Targeted next-generation sequencing was found to be cost-effective
depending on context

» Targeted next-generation sequencing was found to be acceptable and
implementable under routine conditions, despite inherent complexity

* The products for which eligible data met the class-based performance
criteria » Deeplex® Myc-TB (GenoScreen): < NanoTB® (Oxford
Nanopore Technologies): * TBseq® (ShengTing Biotech ).
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EkT6¢ at1mo TIG 2 peBbddoug Tou Trpoavagepdnikav o MNMOY. agloAoyeioe kal pia
TpiTN INGS end to end péBodo, TTou oTnpEiCeTal YEV OTNV TTAATEOPUA TNG
Oxford Nanopore , ytropei Ouwg ekTOG Tou MTB Kal TNG avToxng Tou o€ 16
A/®, va dwaoel TTAnpoopieg Kal yia Tnv Tapoucia 168 NTM kai Tnv avTtoxr o€
6 avTIBIOTIKG TTOU XPNOIYOTIOIOUVTAI YIa ATUTTA JUKORBAKTNPIdIA.

Ta ouptrepdopaTa TNG agloAdynong gaivovtal otnv dlagavela. H akpieia Twv
MEBOBWV gival TTOAU uwnAnR yia TTOAAG aTTd Ta APPAKA, KUPIWG Ta
TTPWTEUOVTAI, EVW UTTOAEITTETAI — XOPAKTNPICETAI OPNWGS WG ATTODEKTN — YIA
oplopéva ato Ta deuTePNS Ypapung AP ,1Tou Xpnoipotroiouvtal yia Tnv MDR-
TB. Eivai cost-effective kal CUGTAVETAI VO PTTOUV O€ EQAPPOYI OTAV POoUTiva
TTapd TNV TTOAUTTAOKOTNTA TOUG.
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The handbook

Global edition
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Activity Relative risk value 95% Confidence Interval

Administration 1.0

Microscopy only 1.4 0.2-10.0
Culture only 2.0 0.2-133
Combined culture and DST* 7.8 1.7-34.9
DSTonly 21.5 4.5-102.5

Activity Relative risk value

GeneXpert =14

LPA (on specimens) =2.0 Equivalent to culture
Specimen processing as for
culture. DNA extraction
step inactivates AFE:

LPA (on culture) =215
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Auo Adyia wg TTPoG TIG OUVOAKES Bloao@AAEIag ,0Ta EpyacTrpia TTOU
dlevepyouv e€eTdoelg didyvwong upatiwong. O1 TpdoeaTeg 0dnyieg Tou
MOY Tovidouv 181aiTepa TN oTroudaIdTNTA TNG OI1EE0BIKAG EKTINONG KIVOUVOU
ava d1adIKaoia yia TIG OIAPOPETIKEG EPYAOTNPIAKES OOKINATIES, AauBavovTag
uTTOWN KUPIWG TOoV KivOuvo dnuIoupyiag HOAUCHATIKWY AEPOAUUATWY aAAG KAl
TN CUYKEVTPWON TWV BoKiAwv o€ KABE dlayvwaoTiK doKIpaaoia (MIKPoRIako
@opTio). 'ETo1 av Bewpriooupe ws 1 Tov OXETIKO KivOuvo Tou dI0IKNTIKOU
TIPOCWTTIKOU, TTOU KAVOVIKA OEV EUTTAEKETAI OE EPYACTNPIAKES TTPAKTIKEG,
QUTOG augavel wg Kal 21,5 QopEC yia TO TTPOCWTTIKO TTOU EKTEAEI Ta
QAIVOTUTTIKA TEOT. Z€ OTI aQOpa OE TA HOPIOKA TEOT, O OXETIKOG KivOUVOG PEXPI
TNV adpavoTroinon Tou BakiAou yia TNV ATTONOVWOT TOU YEVETIKOU UAIKOU,
gival avaAoyog Tou BakTnpIakoU QopTiou TTOU XEIPICOUAOTE KABE Qopd Kal dev
OI0QOPOTIOIEITAI ATTO AAAEG EPYOOTNPIAKES EPYATIES AVAAOYOU QOPTIOU.
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Nivakag A, Zuatdoeig tou NOY yia tig kat@Mnheg efetaoelg ota Sadopetkd enineda tou

Suctiiou epyacTnpiwy yia T Sidyvwan T dupatiwans

Eninebo
epyagtnpiou

Appobitnteg

Auayvwonike eeTaoels

Mepupeperans-

Malikés B¢, EhevRos, |

Aveipeon (case finding)

Napanound (referral)
Oepaneia (treatment]

annan {ofed Xpwon Z-N
1 LED)

Avedpeon

vopapyLaKd

Bepaneia
NapaxohotBnan (follow up)

Mukpooxbnnon +oteper kahhpyei
+LPA o€ pukpookomkd Betkd rveha

Kevipwd

(avadopac)

AVEDpEGN KPOUOHATLN
Oepaneia
MapaxohotBnan
Emripnan

Avamugn kat napoyd peBobuy avadopds kat

npatimwy

MupooKGon + KaAAEpyELd (xat
uypri) + LPA ot Betieg kahhiépyereg
KL pkpookomd BETudt mrdeha +
daw. ekeyxog evaroBnolag ota
npuntetova + Seutepedovia
avTipupaTIKa + Tayeia reor

EniBhedn Suctiou tavtonoinang

LED: light-emitting diode, LPA: Line Probe Assay
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O NOY ouoTAvel TNV opydvwaon TnG dIAyvwaong TNG QUUATiwaong atrd OiKTuo epyaaTnpiwy aTrd
TNV TTEPIPEPEIA PEXPI TO KEVTPIKO ETTITTESO OTTOU Eival TO EPYACTHPIO AVOAPOPASG HE TIG
QAVTIOTOIXEG KAIJOKOUUEVEG APUOBIOTNTEG KAl EQAPUOYA TWV dIayVWOTIKWY £¢eTdgewy Ol
e¢eT@oelg uPnAOTEPOU KIVOUVOU, OTTWG BAETTOUUE GUYKEVTPWVOVTAI OTTO TO EVOIANEDO ETTITTED0
Kol TTavw Kal KUpiwg OTO EPYOCTAPIO avaPoPAs Kal TTPETTEN IBAVIKA VA BIEVEPYOUVTAI O€
EPYOOTAPIA TTOU TTAPEXOUV TIG ATTAPAITNTEG DOUEG YIO TOV ACPAAR XEIPIGHO KOANIEPYNUATWY
BakiAou TnG guuaTtiwong. EpyacTthpia emmmédou Biao@daAgiag 3 IKavotroioUv OAEG TIG
ATTAITAOEIG, OPWG OTIG TTEPITITWOEIG EPYAOTNPIWY KATWTEPOU ETTITTESOU TTX. BioagdaAeiag
emmédou 2, 6Ttav dev gival duvarr n OOUIKN UETATPOTIH TOUG O¢€ eMITTEdOU BioaopaAsiag 3,
TTapéXETAl N EVAAAAKTIKR) AUCT TNG EPyaciag e TRV XPAON TTPAKTIKWY Kal dIadIKATIWY
emmédou BloaopdAsiag 3. Autd onuaivel TTPakTIKEG BSL-2 kai emmTpooBeTa: 1) mepiopiopévn
mpdoBacn, 2) dievépyela OAwV Twv epyaciwyv ae Bahapo BioAoyikAg acedAeiag, 3) TTpdoBeTa
peTPA ATouIKNAG MNpooTaciag (1I81aiTepa avaTTveuaTIKKG) Kail 4) atroAUpyavon GAwv Twv
atmoBAARTWY TTPIV TNV TEAIKA 81A0£0N TOUG (QUTOKAUCTO OTO XWPO £pYATiaAG).
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The major risk of TB infection in the laboratory is associated with inhalation
of aerosols generated by laboratory processes. Minimising their production
is the most effective means of staying safe.

1 Primary
Safe working practices to minimize spills and creation of infectious aerosols
Equipment that is fit for purpose’, correctly used and maintained
2 Secondary
Infrastructure and layout to suppart the primary activities
3 Tertiary
Buildings to contain the laboratory and its activities

The combination of all three is required to handle TB bacilli safely.
However, safe working practice is essential.
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H poAuveon Tou TTPOCWTTIKOU PTTOPED va TTPOKANBEI KUupiwg PE TNV EI0TTVON
MOAUOUEVWY agpoaTayovIdiwyv TTou dnuioupyouvTal o€ diapopd oTAdIA TWV
EPYAOTNPIOKWY OOKIHACIWY OTTWG TT.X. PUYOKEVTPIOEIG, TTITTETAPIOUATA,
avadeuoelg, BEppavon deiyudtwy K.A.TT. H TTpooTacia TTpoUTtroBETel Tov
OUVOUOO UG TWV OCWOTWYV TTPAKTIKWY OOUAEIAG, PUE TNV XPNON TwV KATAAANAwV
MECWV Kal OTIGC CWOTA OXEDIAOPEVEG UTTOOOUEG WOTE VA EAAXICTOTTOIEITAI N
onMIoupyia agpo-oTayovidiwv i AAAwvV TTNywv JOAUVONG Kal Tav autd
dnuioupyouvTal va TTEPIOPICOVTAl OE TTPOOTATEUPEVO XWPO OTTWG TT.X. Ol
KAMTTIVEG BIOAOYIKAG QOQAAEIOG KOl VO ETTAYOVTAI EKTOC TOU XWPEOU EPYQTiag
MEOW KATEUBUVOUEVNG PONG aEpa Kal JEOW QIATPWY TTPOG To TTEPIBAAAOV. Kal
QUOIKG o€ TTIBavh €TTaQr] YE Tov EpyaldouEVo, auTog va gival TIPOCTATEUUEVOG
ME TNV XPNOIPoTToiNnoN TwV KATAAANAWY ATOPIKWY PETPWYV TTpooTaCiag (TT.X.
paokeg FFP3)
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Estimate of maximum workload by test procedure that can be performed by
one competent technician

Maximum number of tests/technician®

Test procedure Day Week Month Year?
AFB light microscopy 25 125 500 5,750
AFB fluorescence microscopy 50 250 1,000 11,500
Culture (liquid/selid) specimen processing 40 200 800 9,200
DST (liquid) 20 100 400 4,600
DST (solid) 20 100 400 4,600
Xpert (4-module) 16 80 320 3,680
LPA - First line (manual) 24 120 480 5,520

Personal protective equipment provides a physical barrier to minimise the risk
of exposure to aerosols, splashes and accidental inoculation. PPE must be worn
at all times within the laboratory.
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Aev Ba eTTeKTABOUE TTEPETAIPW OTA PETPA BIOAOYIKAG AOPAAEIOG TTOU OTTO
MOVA TOUG ATTOTEAOUV €va LEXWPIOTO KEPAAaIo. Mia JOVO TTOPAPETPOG TTOU DEV
TIPETTEI va CEXVIETAI, IDIQITEPO OTIC VEEG EPYOCIOKEG OUVOAKES TTOU
OIAUOPPWVEI TO TPITITUXO: «AIlyOTEPOI AVBPWTTOI, YIa TTIO TTOAU OOUAEIA KOl O€
OUVONKEG epyaciakrg avac@aAeiac». To va Tnpeital ye eUAGREIa — EKTOG
QUOIKA TWV PETPWV TTPOCTACIOG- KAl O NUEPNTI0G POPTOG DOUAEING, TTOU £XEI
EKTIUNOEI OTI uTTOPET Va PEPEI O€ TTEPAG Evag epyalduEVOG, gival TTPoUTTO0EoN
OX!I MOVO yIa TRV TTOIOTNTA TNG DOUAEIAG, TO va atTo@uyoupe dnAadr 1o AdBog
TTOU PTTOPEI va PN emITPEWEI TNV £yKaipn didyvwaon ) avTiOeta va odnynoel o€
axPEI0OTEG TTOAUMNVEG KOl ETTIBAPUVTIKEG BEPATTEIEG, AAAG Kal yIa va
atroTpartrei To AdBog Tou Ba BaAel o€ Kivduvo Tnv uyeia Tou epyalduevou



