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Typing

At the species level there is sufficient diversity, that organisms
isolated from different sources, at different times and in different
geographical regions may be differentiated or classified into sub-
types or strains.

In epidemiological terms, the organisms involved in the outbreak
are clonally related; that is,they have a common origin. Clonally
related organisms are members of the same species that share
virulence factors, bio-chemical traits, and genomic characteristics.

The role of bacterial typing is to determine if epidemiologically
identical or related isolates are also genetically related

The process of (sub)typing is important epidemiologically for
recognizing outbreaks of infection, detecting the cross-trans-
mission of nosocomial pathogens, determining the source of the
infection, recognizing particularly virulent strains of organisms, and
monitoring vaccination programs.

D. MICHAEL OLIVE & PAMELA BEAN: “Principles and Applications of Methods for
DNA-Based Typing of Microbial Organisms” JCM,1999, V.37, p. 16611669

Ta atopa o€ éva €id0g, EPPAVICOUV APKETH TTOIKINOPOPQIa WOTE OPYAVICHOI
TTOU aTTOMOVWVOoVTal aTTd SIaPOPETIKA TTEPIBAAAOVTA ] O€ BIAPOPETIKA
XPOVIKA dI1a0TruaTd, va JTTOPpOoUV va dlakplBouv o€ uTrogidn r o€
OI0QOPETIKA OTEAEXN. MIAWVTAG PE €TIONHIOAOYIKOUG OPOUG Ol OPYAVIOUOI
TTOU EUTTAEKOVTOI O€ HIO ETTIONUIKA £€apon BewpouvTal OTI CUOXETICOVTAI
METAEU TOUG KAWVIKA Kail OTI £XOUV KOIvR KaTaywyr — TTpoyovo. O poAog
TNG BAKTNPIOKAG YOVOTUTTIOTTOINONG €ival va SIEPEUVATEL, AV TA PIKPORIAKA
OoTEAEXN TTOU ATTOPOVWVOVTAI ATTO ETTIONUIOAOYIKA OXETICOUEVA TTEPIOTATIKA
OXETICOVTal JETAEU TOUG KAl YEVETIKA KAl o€ TT010 BaBuo. H popiakn
emonuIoAoyia gival EEAIPETIKA ONUAVTIKA Kal yid TO avTioTPO@O, YIa va
avayvwpiooupe dnAadr ONUIKES EEAPOEIG, MEAETWVTAG TOV YOVOTUTTO
TWV ETTIPEPOUS OTEAEXWYV, VA BPOUNE TNV TTNYI TOUG KaI TOV HNXAVIOKO TNG
dIa0TTOPAG TOUG, Va exwpiooupe TTaBoydva oTeAEXN HE 1IDIAITEPA
Aolgoyova XapakTnpPIoTIKA, aAAd Kal va eEAEYEOUME TNV ATTOTEAECUATIKOTNTA
TWV TTOPEPPACEWY PAG, OTTWG TT.X. TWV TTPOYPANUATWY EUBOAICHOU 1} TOV
€AEYX0 TNG EVOOVOOOKOUEIOKNG OIA0TTOPAG.
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Genotyping

> Genotyping is the process of determining
which genetic variants an individual
possesses.

> Genotyping can be performed through a
variety of different methods, depending
on the variants of interest and resources
available.

H yovotutrotroinon eival n diadikaoia Ye TNV OTroia BPiOKOUME Ta YEVETIKA
aAANAOUOP®a TTOU PEPEI Eva ATOPO VOGS €idoUg . XpNOIUOTToIoUVTal
OIAPOPETIKES KAl TTOIKIAEG HEBODOI avAAoya Kal UE TO O€ TTOIOUG  YEVETIKOUG
TOTTOUG avadnTouue TNV TToiKIANopop@ia. O1 TOTTOI, TTPIV TNV EI0aywYr] TWV
pMEBodoAoyIWY Tou NGS, TTou eTITPETTOUV THV avAAucn OAou Tou
YOVISIWHATOG, ATAV - KAl €ival aKOUN, av Kal n Katdotaon aAAadel paydaia
ME TO NGS - KOBOPIOPEVES TTEPIOXEG TOU YOVIOIWMKOATOG TTOU EUPavi(ouV
O16¢popo BaBud peTaBANTOTNTAG £TOI WOTE VA PUTTOPOUV va
XPNOIMOTTOINBOUV WG YEVETIKOI OEIKTES



Awadadvela 4

The speed of evolution of a given marker conditions its
power of resolution (both in time and space)

> Fast markers short-term epidemiology
(156110, MIRU-VNTR)

> Slower markers long-term epidemiology
(Direct Repeat)

> Slow markers phylogenetic studies
(rRNA)
Tibayrenc, C. R. Acad Sci III, 1995

To €idog TNG TTANPOPOPIag TTOU pag divel KABE TETOI0G dEIKTNG eCapTAaTal
atrd TO0 pUBNO Pe Tov otroio peTaBdAAeTal. MTTopei €101 va XpnoipoTToinBEi
€iTE yIa BPaxuTTpOBEeC N - KOl TTEPIOPICHEVN YEWYPAPIKA avaAuon - 1) yia
MO MOKPOTTPOBECUN Kal EKTETAUEVN ETTIONMIOAOYIKN digpeuvnon. Or deikTeg
TTOU I0TOPIKA €XOUV XPNOIKOTToINOEI yia TNV €mMdnuUIoAoYIKN dlEpEUVNON OTO
MukoBakTnpidio cival Tpeic: To ueTabetd aToixeio 1IS6110, n TTEPIOXT TOU
yovidiwpaTdg Tou Bakidou pe Ta Direct repeats - DRs Kal o1 dIGOTTAPTEG
mepioxés MIRU-VNTR. eveTikoi 16101 TTOU €avidouv TTOAU apyd puBuod
METARBOANG, yIa TNV aKpPiBeIa TTOPOUV va BewpnBouv eEaipeTikG oTABEPOI,
OTTWG T1.X. TA yovidla TTou KwdikoTrolouv 170 rRNA, xpnoigoTtrolouvTal, Adyw
OKPIBWG AUTAG TNG OTABEPATNTAG TOUG, VIO PUAOYEVETIKEG KOl ECENIKTIKEG
OUOXETIOEIG, OTTWG €idaue Kal TTPIV JE TIG uEBODOUC yia TNV
dlapopodidyvwaon Twv NTM .
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> MTB genome 4,441,529 bp, high CG content (~65%).
Numerous repetitive sequences, no plasmid
Cole, Nature 1998

> No exchange of genetic material. Propagates clonally
(the offspring are genetically identical to their parent)

> “The only requirement for population genetics is to use
molecular markers that show sufficient level of
polymorphism and make possible multilocus analysis”
Tibayrenc, C. R. Acad Sci III, 1995

To yovIdiwpa Tou JUKOPBOKTHPIOU TNG QUUATIWONG ATTOKWOIKOTTOINONKE TO
1998, éxel Aiyo Aiyotepeg atrd 4,5 ekart. Baoelg, uwnAd GC TrepIeXOUEVO,
TTOAAEG eTTavOAApBavopeveg aAAnAouyxieg kal Oev @épel TTAaopidia. To
MUKoBakTnpidIo dev KAvel avTaAlAayn YEVETIKOU UAIKOU PECW TTAAOUIBIWY N
AAAWV Pnxaviopwy. ‘ETol To YEVETIKO UAIKO TWV aTTOyOVWY gival
TTAVOUOIOTUTTIO PE TO TTATPIKO 1] HAAAOV CWwOTOTEPA, DIAPEPEI HOVO OTO
BaBuod 1ou £xouv oupBei peTaAAGEEIG KaTd TN dladIKaTia TOU
dimrAaciacpou Tou DNA. € opyaviOuoUG JE TETOIO XOPAKTNPIOTIKA, N JOVN
TTPoUTTO0e0n yia TTANBUCIOKK YEVETIKA avAAuaon, €ival n TTapouadia IKavou
QapPIBUOU BIOPOPETIKWV TTEPIOXWV ME IKaVO BaBud peETAAAAYAGS, WOTE Va
MTTOPECOUV OUVOUOOHEVA VA XPNOIKMOTTOINBOUV WG POPIAKOI YOVOTUTTIKOI
OEIKTEG.
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loTOpIK& O TTPWTOG YEVETIKOG OEIKTNG TTOU XPNOIKOTIOINONKE yia TV
emodnuIoAoyIKA digpelvnon Twv oTeAexwv MTB ftav 1o HETABETO aTOIXEIO
IS6110. To oToIx€io ival TUTTOU || HETABETO OTOIKEIO TTOU KWOIKOTTOIE TNV
o1k} Tou TRANSPOSASE, tnv mpwrteivn dnAadr) TTou e¢ac@alilel Tnv
METABeOT) TOU WG TUAPA DNA, atrd pia TTePIOXT] TOU YEVETIKOU UAIKOU O€
GAAN.1-15 avriypaga Tou otoixeiou 1IS6110 Bpiokovtal diIdoTTaPTA OTO
yovidiwua Tou pukoBakTtnpidiou. ‘Exel deixOei 0TI TO OTOIXEIO €ival pev
OPKETA 0TABEPO o€ €TTITTEDO OTEAEXOUG, OPKETA OUWG KEUKIVNTO» WOTE Va
EMTPETTEI TO DIAXWPEICUS BUO £TTIONMIOAOYIKA PN OCUCXETICOUEVWV
oteAexwv. O pubuOG ETABOARG €xel EKTINNBEI O€ pia KABe 3,5 xpodvia.
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1S6710-Based Genotyping
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Mutation rate: 0,287/ genome/ year (210 1S6110)
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Strain Identification of Mycobacterium tuberculosis by DNA
Fingerprinting: Recommendations for a
Standardized Methodology
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Figure 1 - Profile of the four M. tuberculosis isolates defined through the RFLP-IS6110 technique. The bands were
aligned using the Mt 14323 strain as a reference
RFLP: restriction fragment length polymorphism 7

MeBodoAoyika: Nivetal TEwn Tou DNA pe Tnv evdovoukAedon Pvu Il TTou €xel
£€va onueio avayvwpiong eviog Tou 1S6110 kal QUOIKA TTOAAATTAG onpeia oTo
UTTOAOITTO YEVETIKO UAIKO. Ta Turparta Tou DNA TTou TTPOKUTITOUV
NAEKTPOPOPOUVTAI, HETAPEPOVTAI OE PEUPBPAVN Kal uBpilovTal uE ONUACHUEVO
IXVNOETN TTOU avayvwpilel TO AKPO Tou PETABETOU oToIxEiou. To pattern TTou
TTPOKUTITEI KaBOopPIZeTal TTO TOV APIOUO TWV AVTITUTTWY TOU PETABETOU
oToIXEiOU Kal TNV B€01n Toug 0TO yovIdiwua. H ouykpion Twv dIAQOPETIKWV
patterns eTTPETTEI TNV CUCXETION METAEU TWV DIOPOPETIKWV OTEAEXWYV, OTTWG
@aiveTal 0To KATW PEPOG TNG DIAPAVEIOG

TPIA ZHMANTIKA MPOBAHMATA:

1. XpeiaZetal apket ToodTnTa DNA 170U TTPOUTTO0ETEI HEYAAN KOAAIEPYEIQ
MukoBakTnpidiou Kal auTtd dev gival OTI TTIO ACPAAEG Kal ETTITTPOCOETA gival
XPOVOROpPO.

2. Ta atroteAéopaTa dev €ival EUKOAO OUYKPIOINO HETAEU TTOAAWV
OIAPOPETIKWYV OTEAEXWV OAAG KAl HETAEU TWV EPYACTNPIWV.

3. Eival xaunAn n d1akpITIKN IKAvOTNTA YIa OTEAEXN TTOU £XOUV PIKPO apiBud
eTTavaAfqpewy Tou 1S6110

‘ET01 N p€EB0BOG KATEANEE TEAIKA VO XPNOIUOTIOIEITAI JOVO CUUTTANPWHATIKA KAl
oTo BaBuo TTou xpeiddovtav va augnBei n dIaKPITIKA IKAVOTNTA TWV
TTPoOoEyYioewv TTou Ba OOUNE OTNV CUVEXEIQ
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CRISPRs (clustered regularly interspaced
short palindromic rgpeats? are DNA loci
containing short repetitions of base sequences. )/”—\
Each repetition is followed by short segments Rae '
of "spacer DNA” from previous exposures to . &
a virus. {

The CRISPR/Cas system is
a prokaryotic immune system that confers
resistance to foreign genetic elements
(plasmids and phages) and grovides a form
of acquired immunity. CRISPR spacers
recognize and silence these exogenous genetic
elements like RNAI in eukaryotic organisms.
CRISPRs are found in approximately 40% of
sequenced eubacteria and 90% of archaea

O deuTEPOG BEIKTNG TTOU XPNOIYOTTOINBNKE €ival n TTepIoxN pe Ta Direcrt
Repeats. 2Ztnv 1TEPIOX auUTr UTTAPXOUV 44 €TTavaAnWeIg TG idlag JIKPAG
aAAnAouyiag. O1 TTapePBaAAOPEVEG aAANAOUXiEC avApeoa o€ KABE avTiTUTTO
gival povadikég. ZAPEPa EEpoupe To PpOAO TToU TTaiCel auTh n TTepIoxn). Eival
éva yeveTikOg TOTT0¢ CRISPR TTOU QTTOTEAET UNXAVIOPO AUUVAG TTOAAWVY
€1I0WV TTPOKAPUWTIKWY OPYAVIOHWYV £VavTl EI0BOAEWY OTTWG o1 Payol ) Ta
TTAacopidia.
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Spacer Oligonucleotide typing (Spoligotyping)

spacers
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T1III111 10111111110 111001111111108001000000  Srycode

PCR product - Oligo Hybridisation

AATA11011I11-111.011-100-111-111-110-000-100 000-0 1441 groupirg.
77 73 77 3 477 6 0 400 ossosiguen

Mutation rate: 0,039/ genome/ year ——————

«Conversion of banding patterns to a
binary code simplifies spoligo profile

+Conversion of binary code to octal
code further simplifies and permits
ready comparison via online data base

Figure 1: Spolgolyping results, FO-R MDR-TB. 20072014

O1 petapAnTég aAAnAouxieg peTagu Twv DRS akivnTOTTOIOUVTOl PE
KaBopiouévn o€ipd o€ PEPPBPAVN Kal XPNOIKMOTTIOIOUVTAl WG IXVNOETEG OTOUG
oTToioug uBpIdidovtal Ta TTPoidvTa PCR 1TOU KOAUTTITOUV TRV TTEPIOXH. O
PUBUGC PETAAAAENG TNG TTEPIOXNG Eival Pia KABE 25 xpdvia Kal auTEG
odnyouv oTnv attwAeia DRs, dpa Kal Twv TTaPEUBAAAOPEVWV TTEPIOXWV.
‘ETo1 d1a@opa oTeEAEXN UTTOPEI VA ep@avifouv dIaPOPETIKO pattern
uUBpPIBICHOU, TO OTTOIO EUKOAQ TTEPIYPAPETAI UE TO dUAdIKO CUCTNHA
(NAI/OXI) f TeAik& e 1O OoKTadIKO oUoTNUa.) H pyeTarpotm) auth fonda
oTnv avaAuon & ocUyKPIoN PETAEU TWV OTEAEXWV AKOUN KAl v
ATTOMOVWVOVTAI aTTO dIaYOPETIKA epyacTrpia. H diadikaoia ovouddeTtal
Spoligotyping (Spacer Oligonucleotide typing). O puBudg
MeTaAAagoyEveonc eival HIKPOGS Kal yI auTd o marker auTég ETTITPETTEI TOV
M0 adpo dlaxwpIloud Kal BewpeiTal KATAAANAOG yia TNV KATATAEN TWV
OTEAEXWV TWV JUKOPBAKTNPISIWY O& PHEYAAESG EEEAIKTIKEG OIKOYEVEIEG KOl
UTTO-OIKOYEVEIEG



Awadavela 10

H yovoTuTrikr} u€60D0G TToU XPNOIMOTTOINONKE OTN CUVEXEIA, aVAAUEI TIG
mreplox€g MIRU-VNTR TT0U €ival dIGOTTAPTEG OTO YOVIQIWHUA TOU
MukoBakTnpidiou. 2& kKGO MIRU-VNTR €xoupe dIadOXIKES ETTAVAARWEIG
TNG idlag aAAnAouxiag in tandem , dnAadn Xwpig va TrapeuBariovTal
avAPEod Toug AAAEG aAAnAouxicg O0TTwG oupBaivel ota DRs . O apiBuog
TWV ETTAVAAAWEWY UTTOPEI va dlagépel HETAEU TwV aTOPWY Tou €1060UG. 'EXEl
xpnoliyotroinBei diadoxikd n ouvduacuévn avaiuon 12, 15 kai 24

MIRU31
MIRU27

MIRU26

MIRU24

MIRU39

MIRU2

MIRU-VNTR* Typing

MIRU4

0
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H37Rv
4411529 bp

MIRU23 MIRU20

MIRU40

MIRU16

Analyses genomic loci
where short nuclectide

MIRU10 Sequences are organized

as tandem repeats

*Mycobacterial Interspersed
Repetitive Units-Variable
Number of Tandem Repeats

strains

MIRU-VNTR locus
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dlapopeTikwy MIRUS.
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DNA Replication slippage

(@

DNA polymerase encounters @)

the direct repeat during the % "

replication process. Backward siippage 5 e o0 SETCASTEASEAS 3
Second replication

The polymerase complex ‘l! »

suspends replication and is nsertion 5 ~{CAG-CAGCAGHGAGHTAGHIAGHCAGH—— 1|

temporarily released from the
template strand.

mutantion

Normal

The newly synthesized strand
then detaches from the

1
template strand and pairs with ~ Foward siippage §]mmp_> 3
another direct repeat upstream E E
or dOWnStream. i Second replication

1

— j—m-mmmf—zj

DNA polymerase reassembles mutation mmm@iﬁh ?
its position on the template B i L L
strand and resumes normal MOl O T S R 5

replication.
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O apiBuds Twv eTavalapupavépevwy aAAnAouxiwy ota MIRUs ptTopei va
METABAAAETOI, KUPIWG AdYyw «YANIOTPAMATOG» TOU VEOOUVTNOEUEVOU KAWVOU
DNA katd Tnv diadikaoia TnNG avtiypa@ng Kai uBPIBIoUOU TOU PE TNV TTPIV A
META eUpIoKOPEVN eTTavalauBavopevn aAAnAouxia. H diadikacia auth
MTTOPEI va TTpocBEécel aAAG Kal va a@aIpETEl QVTITUTTA
emavalauBavouevwy aAAnAouxiwy . ‘ETol yttopei va ocuppei kai
AVOOTPOPNA MIAG METAANAENG, TTPAyUa TTOU OEV CUMPBAIVEI PE TIG
TTapeuBarAdpeves aAAnAouyxiec ota DRs. BEBaia T0c0 o€ 0TI apopa TIG
mepioxés MIRU/VNTR, 6co kai Tnv treploxn) DR, éxouv BpeBei oTeAéEXN pE
TEPAOTIA KATA TA AAAA YEVETIKNA TTOIKINOJOP®IA, OTA OTTOIa N GUYKAivouoa
e€ENIEN dnuioupynoe TravopoldTutTa pattern MIRU/VNTR 1} Spoligotypes.
Kai yia To JETABETO aTOIXEIO, OPWG UTTAPYXOUV DeDOUEVA OTI £XEI
«TTPOTIUNON» METABEONG O€ OUYKEKPIYEVEG TTEPIOXEG. O Kivduvog va
OUOXETIOTOUV PETAEU TOUG OTEAEXN TTOU OEV £XOUV OXEDN, GAAG ep@avifouv
OMOAOYIO O€ OUYKEKPIPEVOUG YEVETIKOUG TOTTOUG AOYW CUYKAIVOUCOG
e€ENIENG, Oev aopd QuOIKG uovo 1o MTB kai otnv Tpdén avTiyeTwTTICETOI
MOVO HPE TNV YOVOTUTTIKI) avAAuCcn TOU OUVOAOU TOU YOVIOIWMOTOG.
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- The mutation rate in M. tuberculosis is
0.0014/locus/year

- The variability between strains is
analogous to time elapsed from their
common ancestor

- Analysis of 24-loci MIRU-VNTR has been
shown to be remarkably suitable to
simultaneously used for both transmission
detection and phylogenetic studies

12

O puBpog petdAAagns ava MIRU/VNTR 16110 €ival pikpdg. Ta dlag@opeTiKa
OTEAEXN MUKOPBOKTNPISIWV PTTOPEI Va euPavifouv dIapopES OTOV apIBPO
TWV QVTITUTTWV O€ ETTIHEPOUG YEVETIKOUG TOTTOUG. H d1a@opég ueTagu duo
OTEAEXWV €ival avAAOYEG TOU XPOVOU TTOU £XEI HECOAAPBNOEI ATTO TOV KOIVO
TTPOYOVO Toug. 'Exel deixO¢ei 611 n avaAuon 24 cuykekpiyévwyv MIRU-VNTR
- ato 1a 41 ouvoAikd TTou €xel To MTB — €ival IkavA va dwaoel TTAnpogopia
TO0O0 yIa TNV QUAOYEVETIKA PEAETN GO0 Kal yia Tnv diepelvnon TG aAucidag
NG METAdOONG. ZUVOUACOTIKA oI 24 TéTTOI EUPavifouv pubuod
METOAAOKTIKOTNTAG avAAOyo Tou PETABETOU oToIxEiou 1IS6110 .
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PCR amplification of individual VNTR loci Gel electrophoresis of MIRU PCR products

M Repoal number M
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Combine the numbers of repeats at each locus into a digital profile

1S6710 RFLP Fingerprint Spoligotype pattern Isolate
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Texvikd auTd TTou KAvoue gival va TToAaTtTAacidooupue pe PCR Toug
SIaPOPETIKOUG TOTTOUG KAl VA UTTOAOYioOUNE aTTd TO PJEYEBOG TOU TTPOIOVTOG
TOV apIBUO Twv avTITUuTIwyY o€ KABe VNTR 16110. ATT0didOUE TO
QATTOTEAECUA HE Eva 24Wn@I0 apIBuo TTou o€ KABE YN@io Tou TO VOUUEPO
QVTIOTOIXEI OTOV APIBUO TWV AVTITUTTWY Yia KABe €va atrd Ta MIRU-VNTR.
Me Baon auTtdv ToV apIBPUO CUYKPIVOUUE PETAEU TOUG Ta OTEAEXN. ZTEAEXN
pe TTavopolotutto MIRU-VNTR pattern BewpouvTal 4TI avrikouv o€
EMONMIKA dIAOTTOPA TOU idIoU KAWVOU.
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Welcome to the MIRU-VNTRplus web application!

dentfication by

simiarty search Via this freely accessible service
users can compare their
strain(s) with the reference

MM@ g strains for the assignment of
— MTBC species, lineages, and
~a genotypes.

tree-based identification

. Species Lingage  Country of Isclation 3

¥ z £
10439/01 M. tuberculosis Cameroon Ghana 22
10581/03 M. tuberculosis LAM Germany 11
4445/02 M. tuberculosis Beijing former Soviet Union 2 4
4499/02 M. tuberculosis Beijing  former Soviet Union 2 4
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Y1rapyouv Bdaoeig dedouévwy Kal on line Trpoypdupata avaAuong (61Twg
m.X. MIRU-VNTRplus web application) 1mou pag emrpémrouv va
OUYKPIVOUE TO YEVETIKA ATTOTUTTWHATA TWV OTEAEXWYV TOOO PETAEU TOUG,
000 Kal YE Ta oTEAEXN TTOU Ta SedoPEVA TOUG UTTAPXOUV 1dn KaTaTeBEINéva.
‘ETOI €MITUYXAVOUUE TNV OoJadoTToinon Twv oTEAEXWV avaAoya Pe TO Babuod
opoloTnNTag o€ aBpoiouata (CLUSTERS) TTavouoIOTUTTWY YOVOTUTTIKA
oTeAeXwV. AuTd Pe Tn o€Ipd TagIVOUOUVTAl € OPAdES uwnAou BaBuou
OMOIOTNTAG, O€ UTTO-OIKOYEVEIEC MIKPOTEPOU BaBuou, K.0.K. Kdavouue
onAadn pia Karnyoplotroinon atrd KATw TTPOg Ta TTAvw pE Bdon Tov Babud
opoloTNTag. H opadotroinon autr) BonB& otnv avdAuon TNG YEWYPAPIKNAG
Kal TTANBUOPIAKAG KATAVOUAG TOUG, AAAd Kal TNG «TTapakoAouBnon» 1ng
d1a0TTOPAC TOUG ATTO TNV APXIKN YEWYPAQIKN / TTANBUCUIaKA ageTnpia.
EmmpdobeTa, avdAoya Ye TO TTOOO AETTTOUEPEG Eival TO YEVETIKO
ATTOTUTTWHA PE TNV YOVOTUTTOTTIKA HEBOSO 1 Ye ouvduaoud Twv PeEBOdWY,
MTTOPEI VA OTTOKTAOOUWE €IKOVA yia TNV TIOavA aAucida HeTadoong evog
oTeAEXOUG aTTO 0BV 0€ aoBevN.
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Evolutionary relationships of the M. tuberculosis evolutionary scenario (out of
Mycobacterium tuberculosis complex. Mesopotamia).

T.Wirth at a/ Origin, Spread and Demography of the Mycobacterium
tuberculosis Complex, PLoS Pathog doi:10.1371/journal.ppat.1000160
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2AMEPQ gipaoTe 0€ BEoN Pe BAon Ta YEVETIKA dedOPEVA VA KAVOUNE HIa
uttéBeon yia TNV eEEAIKTIKA TTopeia Tou MTB. MioTeveTal OTI KATTOI0G
TTETUXNMEVOG TTPOYOVOG TOU BAKIAOU OTTOIKIOE TOV AVOPWTTO TTEPITTOU
40.000 xpovia TTpIv, £CeNiXBNKe O UTTOXPEWTIKO EVOOKUTTAPIO TTAPACITO
Kal Tov akoAouBnoe otn dlaotropd Tou o€ OAn TN yn. Ekei oToug
QTTOPOVWHEVOUG avBpwTTivoug TTANBucououg, To MTB, icwg PEPIKWG
YEVETIKA DIOQOPETIKO £apXNS Kal Adyw TTANBuopiakwy bottle necks ,
€CeAixBnke oTOUG TTPOYOVOUG TWV CNUEPIVWOV HEYAAWYV OIKOYEVEIWV
OTEAEXWYV, TTOU EPPAVICAV KAT apXAg TOTTIKA S1a0TTOPA OO0 TNV ETTETPETTAV
Ol TTEPIOPICUEVES aVOPWTTIVES ETTAPEGS. O1 ETTIHEPOUS AUTOI KAWVOI CUV-
egeAixBnkav pe Toug avBpwtTivoug TTANBuCoOoUG TTou eTTiOAuvav. ‘ETol Ta
onuepiva oteAéxn Tou MTB katatdooovTal o€ 7 JEYAAES ECEAIKTIKES
OIKOYEVEIEG TTOU EPPAVICOUV XOPAKTNPIOTIKA QUAOYEWYPAPIKA TTPOEAEUON.
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K.E. Weins, et al. Global variation in bacterial strains that cause tuberculosis
disease: a systematic review and meta-analysis BMC Medicine 2018, 16:196

“A striking feature was the widespread global distribution of Euro-American lineage 4
identified in every country and it was the majority lineage in 52 of the 85 countries
Fairly widespread distribution of East Asian lineage 2 was identified in 67 of the 85
countries and was the majority lineage in 6 countries. In contrast, West African lineages 5
and 6 were identified in only 30 countries and were the majority lineages in zero
countries. In addition, Indo-Oceanic lineage 1 and East African-Indian lineage 3 were
identified in 64 and 59 countries, respectively, and each was the majority lineage in 2
countries ...” 16

O YewypaPIKOG TTEPIOPICHOG / EVTOTTIONOG AANACE! UE TNV EVTATIKOTTOINON
TWV AvBPWTTIVWYV ETTAPWY. ZTNV apxXN ME TNV ATTOIKIOKPATIO KAl OTAV
OUVEXEIQ JE TNV Blounxavikr eTTavaoTacn, TNV a0 TIKOTTOINON Kal TNV
METavAoTeuon. Kal akoun TTePICOOTEPO CHUEPA PE TNV TTIO £VTovN
avBpwTTivn eTTaQr. H eKTETAPEVN HETA-AVAAUCH TTOU QVOQEPETAI OTNV
dlagavela Tmou repiEAae >200.000 oTeAéxn, £0¢€1Ee TNV TTOAU €upUTEPN
d1aoTTOPd TWV TTI0 TTPOCPATWY EEEAIKTIKA OIKOYEVEIWV 2 (AVATOAIKO-
Aaciatikn), 3 (AvatoAikng AQpIkig — Ivdiag) kal 4 (Eupw-ApepIKaVIKR) Kal
TNV @Bivouca TTopEia Twv €CENIKTIKA TTAAAIOTEPWY APPIKAVIKWV
olkoyevelwy 5 & 6. EmmpdoBeTa, aveédeite kal To pOAo TG Eupwtaikig
QTTOIKIOKPATIOG 0T dIa0TTOPA TNG EUpW-ANEPIKAVIKAG OIKOYEVEIOG (UE TO
pouaTapdi Xpwua ) o€ OAO Tov KOOHO N OTToia KAl Kuplapxei oTig 52 atmo Tig
85 Xwpeg OTIG OTToIEG avapEpovTal Ta OEDOUEVQ.
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The Beijing family

> Highly conserved strains (their spread started recently?)

> Are more frequently isolated from young patients (are
emerging?)

> Are associated with drug resistance and MDR-TB
outbreaks

> Their genetic background favors transmission despite the
fact that resistance cost fitness ?

17

IS1aiTepo evdlagEpov TTapoucialel n oikoyévela BEIJING, pia atmo 11 5
UTTO-OIKOYEVEIEG TNG UPUTEPNG AVATOAIKO-ACIATIKIG OIKOYEVEIAGS YIATI TA
OTEAEXN TNG EPPaVICOUV OPICUEVA IDIAITEPA AVNOUXNTIKA XAPAKTNPIOTIKA
OTTWG TO OTI: A) PAIVETAI VA £XOUV EVOOYEVWIG OXETIKA auénuévn avoxn oTa
A/® @dpuaka, (aveEapTnTwg TNG TTapouaiag HETaAAGEewy oTa yovidia rpoB
kal katG/inhA) B) AuTA n avoxr icwg BIEUKOAUVEI TRV AVATITUEN AVTOXAS
ota A/® kal autod iowg va eEnyei 0TI CUXVA CUVOEOVTAI PE ETTIONMIES
TTOAUQVOEKTIKAG QUUATIWONG Y) TTAPA TNV OXETIKA TTPOCQPATN avAdEIEr TOUG
— OTTWG UTTOBNAWVEI N UYWNAR €EEAIKTIKA] OLOIOYEVEIA TOUG — EP@AVI(OUV
TTAYKOOMIa SIa0TTOPA Kal ETTITTPOCOETA, 8) ATTOUOVWVOVTAI JE UWNAR
ouxvotnTa atrd véoug aoBeveic. Ta TTapatrdvw uttodnAwvouv uWwnAn
MoAuopaTIKOTATA Kal diEPEUVATAI TO YEVETIKO UTTORABPO TTou KaBopilel Ta
ETTIOETIKA XOPAKTNPIOTIKA TNG TTOIO ETTITUXNMEVNG, OTTWG XapaKTNPiZeTal,
€CENIKTIKAG oikoyéveliag MTB.
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National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention
Division of Tuberculosis Elimination

TB Molecular Epidemiology: Targeting Recent
Transmission

' Goal

— Reduce the burden of TB by identifying where transmission is currently
occurring and interrupting it

* Challenge
— Distinguish recent transmission from cases infected long ago
= Approach

— Combine molecular, clinical, and epidemiologic data to detect, investigate,
and monitor recent TB transmission

S.Talarico & B. Silk. Whole-genome sequencing for investigation of recent
TB transmission in the United States: Current uses and future plans
18

[SlaiTepa onuavTiKA PTTOPEI va gival N cUPBOA TNG HOPIAKNAG YOVOTUTTOINONG
oTnVv €MONMIOAOYIKN dlEpEUvVNON TNG VOOOU. To KPIOIUO OTNV ETTIONUIOAOYIK)
dlEpEUVNON TNG QUUATIWON Eival va dIOKPIBOUV Ta TTEPIOTATIKA TTOU OPEIAOVTAI
o€ TTPOoQATn dIACTIOPA ATTO AUTA TTOU OPEIAOVTAI OE EVEPYOTTOINON
AavBdvouoag vooou Kal oTa oTroia N HOAuveon €XEl CUPBE KATTOIO OTIYUE OTO
MakpIvo TTapeABOv. O Adyog eival TTpo@avis . MOvo oTnv TTPWTN TTEPITITWON
gival duvartdv/mmeavov va atmokaAu@Bei péow avadATnong Twv ETTAQWY, N
aAugida Tng peradoaong, va Bpebei n TNy TG vooou, va An@bouv pETpa
OIaKOTTAG TNG dIa0TTOPAG, Va BPeBOUV Kal va UTTOuV O€ BepaTtreia aoBeveig TTou
Oev €xouv avalnTioel akoun ol idlol TNV 10TPIKA CUUPBOAN, va digpeuvnBEi n
AavBdvouoa vooog Kal va 000€i xNUEIOTTPOPUAALN K.A.TT.

BéBaia yia 6Aa Ta TTapatrdvw Oev apKei HOVO N JopIaKr €TTIONMIOAOYIKN
dlEpeUvVNON OAAG XPEIAZeTal O CUVOUAOHOG TNG HE KAIVIKA £TTIONUIOAOYIKA
oedopéva Kail n UTTapén uNXaviopou EQAapPoyAS TOUG
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National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention

Division of Tuberculosis Elimination

Why combine molecular, clinical, and epidemiologic data
to understand TB transmission?

= Challenges to relying exclusively on epidemiologic investigation
— Airborne transmission
— Exposure in congregate settings
— Long infectious periods
— Patient recall may be incomplete or unreliable
— Often in impoverished or marginalized communities
=  Molecular genotyping data can provide additional, complementary
information to aid detection and investigation of transmission

— Genotyping identifies cases with genetically similar M. tuberculosis isolates that
are more likely to be linked by transmission

S.Talarico & B. Silk. Whole-genome sequencing for investigation of recent

TB transmission in the United States: Current uses and future plans
19

O ouvdUOOPOG TWV TTPOCEYYICEWV Eival avayKaiog yiaTti Adyw Twv
XOPAKTNPIOTIKWY TOU VOO UATOG €ival BUOKOAO va aTnpixOei KATToI0¢ Jovo oTa
dedopéva TNG KAAOIKAG eMONMIOAOYIKNAG avalnTnong. lNa éva agpoyevwg
METABIOOUEVO VOO A UTTAPXEI TTAVTA N au@IBOAIa TTOU TO «aVOTTVEUCQUEY,
TTOAU TTEPICOOTEPO PHANIOTA OTAV N TTEPIODOG KETTWACNG» TG VOOOU UTTOPEI Va
gival TTOAAG xpovia. 'H akdun 10 yeyovog OT1 n vOoog
dlaoTreipeTal/ekdNAWVETAI TTI0 EUKOAQ O€ 1ID1AITEPA EUAAWTOUG TTANBUCOUG
T.X. TTEPIOWPIOTTOINKEVES KOIVOTNTES , XPAOTEG OUCIWY, GAKOOAIKOI | daoTeyOl
K.A.TT. OTOUG OTTOIOUG UTTAPXOUV ETTITTPOO0BETEG DUOKOAIEG TTPOCEYYIoNG &
€MONMIOAOYIKAG dlgEpelvnong. KaTtd CUVETTEIQ N HOPIaKn TTIONUIOAOYIa
QTTOKAAUTITOVTAG TNV UTTAPEN YEVETIKA OUOIWV OTEAEXWV PTTOPEI VA TTPOCPEPEI
TTPOOBETN TTANPOPOpPIa Kal va KaBodnynoel/BonBrioel Tnv TTIONUIOAOYIKA
dlgpelivnon oTnv KoIvoTtnTa.
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At the time of transmission, the
person transmitting the infection
and the person acquiring the
infection will have M. tuberculosis
T8 patients linked by recent transmission have with identical DNA sequence

isolates with the same genotype (black)

Genotyping analyzes DNA to
identify TB patients with similar
M. tuberculosis genomes who are
more likely to be linked by recent
transmission
2 or more isolates with the same
genotype are clustered

TB patient not linked by .
recent transmission has &7
isolate with different
genotype (green)

M. tuberculosis genotypes in a communit

S (5\’ § § § Algorithms that consider time
S |® and space are used to identify
S o clustered cases that may be due
,}5\ (J § to recent transmission

S.Talarico & B. Silk. Whole-genome sequencing for investigation of recent
TB transmission in the United States: Current uses and future plans
20

Tnv oTIyun TNG HETABOONG TOOO 0 acBeVr G 600 Kal TO ATOUO TTOU JOAUVEI
@EPOUV BaKIAOUG PE TTAVOUOIOTUTTO YEVETIKO UAIKO. H yovoTuTroinon
QTTOKAAUTITOVTAG TNV TTOPOUCia BAKIAWY PE TTAVOUOIOTUTTO YEVETIKO UAIKO
B€Tel TNV uTTOVOIa OTI 01 U0 acBeveic cuvdEéovTal ETTIONUIOAOYIKA KOl
ATTOTEAOUV TTEPITITWOEIG TTPOCPATNG PETADOONG — PETALU TOUG 1) HEOW
TpiToU A GAAWV aCBeVWYV — KaTA TN €MONMIKY dIA0TTOPd £VOS BAKTNPIAKOU
KAwvou. AUO ) TTEPICCOTEPO BAKTNPIOKA OTEAEXN UE TOV iDIO YOVOTUTTO
KatatdooovTal OTTwG TTpoava@Epape otny idia opada (cluster) . Eidikoi
aAyopiBuol — TTou €xouv TeBEi o€ epapuoyn T.X. ammd To CDC twv HIMA - ol
OTTOIOI OUVEKTIJOUV TOV XPOVO Kal TOV TOTTO €KONAWONG TWV KPOUCTHATWY
QATTOKAAUTITOUV TTIBaVA TTEPIOTATIKA TTPO0PATNS dlaoTToPdg, TTou (Ba)
TIPETTEI VA KIVNTOTTOIOUV TIG OPXEG.
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Lépez-Calleja et al. Unsuspected and extensive transmission of a drug-susceptible
Mycobacterium tuberculosis strain BMC Pulmonary Medicine 2009

156410-RFLP pattern
5

Spoligatyping patiem

15 MIRUVNTR profik

A large and unsuspected tuberculosis outbreak involving 18.7% of the total cases, was detected
in a population-based molecular epidemiological study performed in Zaragoza (Spain) from 2001
to 2004.The genetic profile of the MTZ strain was rare and not widely distributed. The patients
affected did not show any notable risk factor for TB. The might have particular transmissibility or
virulence properties, greater focus should be placed on stopping its widespread dissemination.
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‘Eva TTapadeiypa 1g OUVAUIKAG TNG MOPIAKNG ETTIONUIOAOYIAG QaiveTal
oTnv diagaveia. Apdpa Tnv TOAN TNG Zapayooa oTnv lotravia 61Tou n
YOVOTUTTIKI avaAuon atmokGAuwe 0TI To 19% Twv oTeAEXWY, O€ JIa TTEPIODO
3 €TWV, gixav Eva oXETIKA OTTAVIO AAAQ TTAVOUOIOTUTIO YOVOTUTTIKO TTPO@IA
Kal JE TIG TPEIG HEBGOOUG YovOoTUTTIKAG avaAuong. Ta dedopéva autd
uTTOONAWVOUV OTI Ta OTEAEXN TTOU OTTOPOVWONKAV aTTG AUTOUG TOug 78
a0Beveic NTAV TO ATTOTEAEO A TTOAU TTPOC@ATNG KAWVIKNAGS dl1aoTTopdcs. To
YEYOVOG OTI 01 a0BeveiG, TTou oI TTEPIoaOTEPOI {OUCAV O€ HIA TTEPIOPICHEVN
TTEPIOXN TNG TTOANG I O€ KOVTIVA OTTITIA/OpOUOoUG, OeV gixav KATTOIO 1I81IITEPO
TTapdyovTa KIvOUVOU, UTTOONAWVE ETTIONG TNV TTAPOUTIA EVOG OXETIKA
IOXUpPA& Aolpoydvou kKAwvou. TETolou €idoug dlEpeUVAOEIG OTaV YivovTal O€
TTPAYMATIKO XpOVo— OTTWG cuuBaivel T1.X., oTnv OAAavdia ) Tnv M.
Bpetavia - kai éx1 avadpopIkd, YTTOPOUV Va EVTOTTICOUV APECA TNV
EMOAVION KAWVIKA OXETICOPEVWY TTEPIOTATIKWY TTPAYUA, TTOU ONUaivel OTi
Exoupe TTPOoPATn NETAdOON Kal va dIEUKOAUVOUV/KaTeEUBUVOUV TNV
EMONMIOAOYIKN dIEPEUVNON OTOV EVEPYO EAEYXO TNG VOOOU Kal TRV ANyn
METPWV TTEPIOPICHOU TNG BIACTIOPAG
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Molecular surveillance of MDR/XDR-TB in
the EU, 2009-2012

The aim of the project was to trace international
transmission of MDR/XDR-TB in the European Union by
the application of the 24- loci Variable Number of Tandem
Repeats typing (VNTR or MIRU-VNTR)

Cluster definition: Two or more MDR-/XDR-TB strains
with identical typing pattern, isolated in at least two
different European countries

30 European National Reference Laboratories

22

Tnv trepiodo 2009 — 2012 To EKAM cuppeteixe padi pe aAa 29 Kévtpa
Avagopdg atrd 6An Tnv EupwTrn o€ TTaveupwITTaiko TTPOYPAPUa HOPIAKAS
€MONUIOAOYIKAG dlEPEUVNONG TNG TTOAUAVOEKTIKIG — UTTEPAVOEKTIKAG
QuuaTiwong. ZT16xX0G Tou TTpoypAauuaTog ATav n digpelivnon TTavig
dlacuvopIaKAG dIACTTOPAG TNG VOOOU OTNV TTOAUAVOEKTIKY Jop®n TNG.
EpyaAgio n emdnuioAoyikr] yovoTuTTikr) avdAuon pe Bdaon Ta 24-
MIRU/VNTRs Kpitripio diaocuvopiaknig d1aoTTopds ATAv O EVIOTTIONOG
«EupwTtraikwv» clusters dnAadr opddwyv dUO i TTAPATTAVW OTEAEXWV HE
TravopoldTutto MIRU/VNTR  1TpO@IiA TTOU atropovwenkav Ouwg o€
OIOQPOPETIKEG XWPEG.
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Ta oTeEAEXN TTOU YOVOTUTTOTTOINBNKAV KATA TNV SIAPKEIN TOU TTPOYPAUHUATOG
KGAuwav pévo 1o TTePITTou T0 22% a1rd Ta TTAvVW atrd 5000 ekTIpWHEVA
MDR/XDR oTeAéxn TnG TTEPIOdOU AUTAG, OTIC XWPES TTOU CUMMETEIXaV. O
apIBUGGS TV OTEAEXWYV TTOU avaAuBnkav avd xwpa @aiveral aTtn diapavela.
Moévo 9 a1 11 30 xwpeg avdAuoav YovOTUTTIKA TTAvw atro 10 70% Twv
OTEAEXWYV TTOU ATTOPOVWONKav autd To dIGOTNUA Kal AAAEC 4 yUpw OTO
50%. YTTépxel UTTOEKTTPOCWTINGN OTTO XWPES UE UWNAS apiBud
TTOAUQVOEKTIKWYV OTEAEXWV | aKOUN Kal TTavTEAAG aTToudia Toug OTTWG TT.X.
n Poupavia. Autr) fATav kai n Bacikdtepn aduvapia tng HEAETNG.

Denmark

Estonia

Spain

Finland

>5000 MDR/XDR-TB cases are not included in project.
Molecular surveillance coverage : 22%

@ Cyprus (n=1)

® Denmark (n=2)

O Estonia (n=559)

O Spain (n=210)

W Finland (n=20)

O Great-Britain (n=42)
B Greece (n=36)

O Hungary (n=36)

W Lithuania (n=9)

B The Netherlands (n=74)
O Sweden (n=60)

@ Slovakia (n=13)

O Bulgaria (n=36)

B Germany (n=62)

@ Italy (n=40)

B France (n=79)
Oreland (n=18)

O Norway (n=28)
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De Beer et al. Molecular surveillance of multi- and extensively
drug-resistant tuberculosis transmission in the European
Union from 2003 to 2011. EuroSurveillance 2014 Mar 20;19(11). pii: 20742

In total, 2,092 variable number of tandem repeat SVNTR)
patterns of MDR-/XDR-TB Mycobacterium tuberculosis isolates
were collected, originating from 24 different countries in the
period 2003 to 2011. Of the collected VNTR patterns, 45%
(n=941) could be assigned to one of the 79 EuroPean multiple-
countrg molecular fingerprint clusters and 50% of those
(n=470) belonged to one extremely large cluster caused by
Beijing strains of one genotype. We conclude that international
transmission of MDR-FXDR-TB plays an important role in the
EU, especially in the eastern part, and is significantly related to
the spread of one strain or clone of the Beijing genotype.
Implementation of international cluster investigation in EU
countries should reveal underlying factors of transmission, and
show how TB control can be improved regarding case finding,
contact tracing, infection control and treatment in order to
prevent further spread of MDR-/XDR-TB in the EU.

24

Ta dedopéva £deigav OTI Eva uwnAo TTo0000TO — ~45% TWV OTEAEXWYV —
opadoTtroIndnke o€ éva ato Ta 79 «EupwTraikd» clusters rou
evrotriodnkav. To eupnua auto uttTodNAwvel dlacuvoplakr dIaoTToPA
TTOAUQVOEKTIKWYV OTEAEXWV O€ TTAVEUPWTTAIKO €TTITTEDO. Ta OTEAEXN TTOU
opadoTroifdnkav o€ clusters avrkav Kupiwg otnv oikoyévela BEIJING Ze
OPIOUEVEG XWPEG OTTWG AUTES TNG BAATIKAG @aiveTal OTI UTTAPXEI EVEPYNS
d1a0TTOPA TTOAUAVOEKTIKWY OTEAEXWYV YIa JEYAAO Xpovikd didoTnua.
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Olreland

® Norway

O Sweden

B The Netherlands
'VNTR0003
W Lithuania

O Hungary

B Greece

| Finland
@ Spain
OEstonia

m Germany

VNTR0002

n=377

] |

0 10 20 30 40 50 60 70

ECDC0002, largest EU cluster
In total, 449/1823 isolates belong to this European outbreak
53% of all the clustered cases included in this cluster
This large cluster is also detected in Canada and the USA 25

Ma Ta duo peyaAa clusters, TTOU EVTOTTIOBNKAV, O CUVTPITITIKA HEYOAUTEPOG
apIBu6GS Twyv oTEAEXWYV TTPOEpYovTav atrd Tnv EcBovia, ZTn xwpa auth,
TTOU UTTEP -QVTITTPOCWTTEUOVTAV O€ OTI APOPA TOV APIOPO TwV OTEAEXWV
OTO OUVOAIKO Ogiypa, @aivetal 0TI UTTAPXE EVEPYOG dlaoTTopd OTNV
KOIVOTNTA- KAl yIa JEYAAO BIAOTNUA — TwV dUO AUTWV TTOAUAVOEKTIKWV
KAwvwyv. OTTwg TTpoava@épBnke 1o TTPORANUa £XEl TNV pila Tou OTNV
Babid kpion Tng dekagTiag Tou '90 OTIG Xwpeg TNG TTpwnv 2E. AlaoTtropd
TWV OUYKEKPIPEVWV KAWVWY EVTOTTIOTNKE OTA TTAQICIA TOU TTPOYPAUPATOG
o€ GAAeG 16 EupwTrdikég Xwpeg. ANa éxouv atropovwbei kal oTig HIMA &
Tov Kavadd. Ta dedouéva autd deixvouv BERaia, OTI yia Eva EPOYEVWIG
METOOIOOUEVO VOO A Kal OTA TTAQiOIa VOGS AAANAOCUVOEOUEVOU KOTOU
gival autaTtradTn va oTeUETal OTI av TO TTPORANUA TTAPEI TOTTIKEC IAOTACEIG
Ba TreplopioTei ekei. PuaIKA Kal TO €idape e TpaAYIKO TPOTTO e TV Covid-
19.
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SEX* NUMBER %
MALE 42 80,7%
FEMALE 10 19,3%
NOT AVAILABLE 2

* All demographic and clinical information from: 1. state TB notification reports
or 2. upon contact with the clinician

26

ATIO TNV Xwpa Pag avaAudnkav 54 TToOAUAVOEKTIKO/UTTEPAVOEKTIKO OTEAEXN
O1 aobBeveig atrd TOUG OTTOI0UG aTTOPOVWONKAv NTav Kata 80% avTpeg
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Place of birth of MDR/XDR patients
COUNTRY NUMBER (%) COUNTRY NUMBER (%)
GREECE 16 (29,6%6)
GEORGIA 10 BULGARIA 2
RUSSIA 7 POLAND 1
MOLDOVA 3 ROMANIA 1
KAZAKHSTAN 2 EASTERN 4 (7,4%)
EUROPE (-FSU)
UKRAINE 1
ARMENIA 1
FSU 24 (44,5%)
SOMALIA 1 FRANCE 1
(METROPOLITAN)
EGYPT 1 BANGLADESH 1
KENYA 1
IVORY COST 2 UNKNOWN 3
AFRICA 5 (9,3%) -

To 30% Twv aoBevwyv ATav ynyeveic EAANVEG Kal To 45% TTpoEpxovTav aTro
XWPEG TG TTpwNV 2.E., - €dw Katardytnkav Kail ol TTaAIVOooavTeG EAANVEG
Tou MévTou TToU Kupiwg TTporpbav atoé Tnv Newpyia.

‘Eva 10% Twv aoBevwv Tponple atrd Xwpes TNG APPIKAG Kal 7% atrd XWPES
™G A. Eupwting , évag acBevrg atrd Tnv MNaAAia kal évag atd nv Acia. Na
TPEIG OEV UTTAPXaV dedOUEVA
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Patient’s Origin Age (mean)*
(range)
Native born Greeks 50,8 +17
(32-84)
Immigrants/ Foreign born 34+15.7
(1.5-61)

*p=0.002 (t-test)
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H péon nAikia Twv eAAjvwy ATav 1a 51 Xpovia kal Twv ¢Evwy Ta 34
AUTO TO XOPAKTNPIOTIKO, dnNAadN o1 HIKPOTEPES NAIKIEG TWV EEVWV O€ OoXEon UE
TOUG YNYEVEIG, apopd Kal Toug aoBeveic ye euaiobntn vooo
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RISK FACTORS
PREVIOUS THERAPY
CONTACT TB
CONTACT TB + PREVIOUS THERAPY
IMMUNOSUPRESSION
IMMUNOSUPRESSION + PREVIOUS THERAPY
DIABETES MELITUS
HEALTH CARE WORKER
PRISON
PRISON + IV DRUGS
DATANOT AVAILABLE
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H mTponyouuevn Bepatreia Kal n eTTapn JE aoBevr) ue QuuaATiwon ATav ol
KUPIOTEPOI TTAPAYOVTEG KivOuvou. Eixaue €triong duo epyadduevoug oTnv
uyeia. Or epyadduevol oTnV uyEia avAkouv, OTTwG gival UOIKO, O€
TTANBuoHIOKE KaTnyopia uwnAou Kivduvou
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MDR/XDR strain have been isolated in most
administrative divisions

Islandﬁ. l:entral : Sporades North

'hl-‘E:?‘Ec—?\, Islands , Aegean
g'm’ g- Islands
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\ Islands
Crete \5
-1 - ., '
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O1 aoBeveic pe TTOAUAVOEKTIKN QuuaTtiwon diEPevav A dIayvwWoTNKav o€
OoXeOOV OAA TA YEWYPAPIKA DIAPEPICUATA TNG XWPAG UE TOV JEYOAUTEPO
apliBud Toug otnv ABriva Kkal oTnv cuvexeia otnv Makedovia Kai Tnv Opakn.



Awadadvela 31

Epidemiologically linked MDR cases

(Reported on 20/02/2006 and 16/02/2011 respectively)

2. Two brothers whose father died from
B
(Reported on 16/10/2008 & 12/06/2009, no data available for

their father. MDR ?)

g 1. A father and his 2 years old son

3. A 2 years old child whose grandfather
died from TB

(Reported on 25/01/11, no data available for the grandfather.
MDR ?)
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Aedopéva atro emdnuIoAoyIKr dlEpEUvNOn OTNV XWPA PAG dEV UTTAPXAV
‘ETOI TO JOVO OTOIXEIO ETTAPASG APOPOUCE OUYYEVEIG TTPWTOU- OEUTEPOU
Babuou. YTApxav TPEIG TTEPITITWOEIG TNIOAVOTATNG £VOOOIKOYEVEIOKAG
dl100TTOPAg
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Ioannidis et al. Multidrug-resistant/extensively drug-resistant tuberculosis in
Greece: pr i e of My jum tuberculosis genotypes endemic in the
Former Soviet Union countries. CMI, v.23, 2017

The isolates composed three major
families: Beijing (19), LAM (8) and
Haarlem (7), several minor families
(6) and six unclassified isolates
The Beijing genotype represented
40% of the strains mostly from
atients from the FSU countries.
ost of the Beijing subtypes could
be linked to those endemic in the
patients' countries of origin
Most of the LAM isolates (6/8)
were assigned to the the
RD115/LAM-RUS branch that
comprises emerging MDR-
associated genotypes
hﬂlogeographica ly specific for the
SU countries
60.8% of MDR-TB cases in Greece
were phylogeographically specific
for M. tuberculosis populations in
FSU countries.
Imported MDR Beijing and LAM
strains showed only limited
transmission within Greece from
immigrants to the autochthonous
population.
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H yovoTuTrikr} av@Auon katérage padi —ava {euyn- OTTwWG ATav Kai 10
MOAVATEPO, T OTEAEXN TWV OUYYEVWY, ETTIBERBAILVOVTAG THV EVOO-
OIKOYEVEIOKK dIaoTTopd. ZUVOAIKA Ta 46 OTEAEXN, YIA TA OTTOIA UTTHPEaV
aglommoifoipa MIRU/VNTR atroteAéopara, KAaTtatdyxTnKav KUpiwg oTIg 3
MEYAAEG UTTO-OIKOYEVEIEG, TNV Beijing kai Tig duo EupwTraikég LAM &
Haarlem. Ta oteAéxn TTOU atTopovwenkav atod 1o {EVoug aoBeveig ixav
OUOXETION ME KAWVOUG TTOU KUKAOPOPOUV OTIG XWPES TTPOEAEUONG TOUG, TO
60% pe KAWVOUG pE TTPOEAEUON/EVTOTTIONO XWPES TNG TTpwNV 2.E. Av Ta
dnuoypa@ika dedopéva ATaV aTTOAUTWS CWOTA, dEV PaivovTav va UTTAPXEI
1 UTTAPXE MOVO HIKPH SIa0TTOPA TOUG OTTd TOUG EEVOUG OTOUG YNYEVNC.
Quoikd, OTTwG OAEG auTOU TOU €i00OUG 01 HEAETEG, ATTOTUTTWVEI JIa
«QwTOoypaPia» Tou TTPORAARUATOG TNV dedOUEVN TTEPIODO.
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WGS and Molecular epidemiology

The data generated from WGS allows for
unparalleled ability to detect genetic variation in
M. tuberculosis.

The relatedness of M. tuberculosis genomes can
be estimated by comparing whole genome
Single Nucleotide Polymorphism (wgSNPs)
differences between the isolates.

Isolates with the smallest number of SNPs
differences or shortest SNP distance would be

linked, possibly representing a transmission
event or cluster
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H aAAnAouxotroinon 6Aou Tou yoviSIWPaTog pag divel TRV duvatoTnTa va
EXOUME TNV atrOAUTN €IKOVA TNG YEVETIKNG TTOIKIAOMOP®@Iag JETAEU TWV
oteAexwv. Me Tig peBodoug Tou NGS utropei va yivel TTAéov «Molecular
marker» 6Ao yovidiwpa Kal n oUyKpIon METAEU TwV OTEAEXWY PTTOPEI va
yivetal ye avaAuon wgSNPs (whole genome Single Nucleotide
Polymorphisms). Z1eAéxn pe Tn YIKpoTEPN did@opa o SNPs utropolv va
BewpnBouv O11 avrikouv oTo id10 cluster kal TBavwg dgixvouv peTadoon
METOEU TWV acBevwy aTTd TOUG OTTOIOUG AUTA aTTOPOoVWONKav.
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WGS provides added resolution by
sigpng | wfe expanding coverage of the
genome to about 90%), compared
J

L ] to the 1% covered by Spoligo &
ENTYping was MIRU/VNTR typing

(1% coverage) (90% coverage)

wgSNP analysis

Reference-based assembly of isolate sequence reads,
aligning to Mtb reference genome H37Rv —_—

ATGCTGGCAGTCGACT H37hv
ATGCA TCGACT
SNPs relative to H37Rv are identified Techg caGTce
CAGGCA TCGACT

Uninformative and unreliable SNPs are filtered out to [T,
produce a list of “high-quality” SNPs to H37Rv i

* SNPs due to
assembly errors

* Low confidence
SNPs.

High-quality SNPs are mapped on to a
phylogenetic tree
0O \fo

{ SNPs in allisolates
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21NV TTPag¢n traipvoupe TAnpogopia atrd 1o ~ 90% Tou yovISIWUATOG, HIOG
KAl apaipouvTal TTEPIOXES OUOKOAEG yIa aAAnAouxoTroinon, OTTWG TT.X.
QUTEG PE eTTavaAauBavOoueva OTOIXEIQ. 2 oxXEON WE TNV TTANPOPOpIa TTOU
UTTApPXEl 0TO ~ 1% TOU YOVIBIWPATOG TToU avaAueTal ue To SpoligoTyping
kal Ta MIRU/VNTRSs n dia@opd gival Quoika tepdoTia. Or aAAnAouyieg TTou
TTaipvoupe avTimapaBdaAlovTal ge Tnv aAAnAouxia cuyKeKpIUEVOU
oTeEAEXOUG ava@opds — Tou H37Rv -gvToTridovTtal Ta SNPs,
«&ekabapilovram» Ta akatdAAnAa (11.x. SNPs Adyw mBavAg xaunAnig
aglotoTiag Katd Tnv aAAnAoxoTroinon) Kai ol UPNAAG TTIoTOTNTAG
TTOAUPOP@ICHOI XPNOIMOTTOIOUVTAI YIA VO ATTOKOAUPOOUV 01 QUAOYEVETIKEG
OUOXETIOEIG.
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':CT\G o ;AE"L‘A\”G””C” Isolates are shown as
. Z ) circles
Isolates with the same
genome type are
displayed together in
one node
—~ 1 Lines conecting nodes
LT N are labeled with number
@ of SNPs
MRCA = Most Recent
Common Ancestor
Guide for interpreting the phylogenetic tree (Hypothetical genome
X type)
All isolates on the tree
are descended from this
hypothetical genome
type
Serves as a reference
point for examining the
direction of genetic
change (arrow)

X

X

S.Talarico & B. Silk. Whole-genome sequencing for investigation of recent
TB transmission in the United States: Current uses and future plans
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Ta dedopEva UTToPOoUV Va ATTOTUTTWOO0UV (Kal) JE TRV HOP®H TTOU QaiveTal
otnv diagdveia. O KGBe KUKAOG avTIoToIXEI O€ éva TTEPIOTATIKO. [NMoAAG
TTEPIOTATIKA UE TOV iDI0 YOVOTUTTO TTEPIKAEIOVTAI aTT €va PEYAAUTEPO
KUKAO. Ta TTEPIOTATIKA OUVOEOVTAI E YPOUMEG, ME HEYEDBOC avaAoyo Tou
ap1Buou Twv SNPs katd Tov o1T0i0 dloPEPOouV (0 apIBUGS avaypageTal
TTAVW OTNV YPauun). ‘Eva uttoBeTIKO yovISiwua/oTEAEXOS OTTO TO OTTOIO
Exouv TTPoEABEI OAa Ta oTeAEXN Tou BévTpou (Most Recent Common
Ancestor) xpnOIJOTIoIEITAI WG ONUEIO aVaPOPAC VIO VA ATTOTUTTWOEI N
KATeuBuvon TwV YEVETIKWY aAAaywv. MNepioTaTiké ye Tov idIo yovoTuTIO i
MIKPO apiBud SNPs Bewpouvtal 6T aviikouv o€ KAwVIKI d1acTTtopd Tou
idlou oTeAéxoug. ETTeldr) Ta SNPs 010 0UVOAO TOU YOVISIWPATOG
ep@avifovral o auxva atro 0Tl ol aAAayEG o€ markres OTTwg TT.X. Ta
MIRU-VNTR TiBeTan T0 epwtnua ota TOoa SNPS TTpETTEl va UTTEl TO cut-off
yla va BswpouvTal duo TTEPIOTATIKA WS KAWVIKA OXETICOPEVA.
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Articles I

Whole-genome sequencing to delineate Mycobacterium >@"%
tuberculosis outbreaks: a retrospective observational study

Measured pairwise nucleotide differences
within hosts

Cross-sectional: 50 paired pulmonary &
extrapulmonary isolates

Longitudinal : 100 isolates, preferentially from
patients with the largest intervals between samples

and between hosts
Household: 90 isolates (70 patients, 27 households)
Community: 217 isolates (168 patients, 11 clusters)
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O1 Timothy Walker et al. akoAouBnoav Tnv €¢AG TTPOCEYYIoN YIa VO
utToAOYyioouv Tov puBud peTaAAagoyEveong Kal TNV oxEon METALU KAWVIKA
OXeTIOpEVWY oTeAeXwV. MéTpnoav Tov apiBud Twv SNPs petagu
CeuyapiwyV OTEAEXWY TTOU atTodovwenkav atrd 1o idlo acBevry aAAd atrd
OIOPOPETIKA AVATOMIKA onueia ) atrd Tov id1o aoBevr) aAAG o€ dIaPopPETIKA
XPOVIKA dlacTripara. ETriong atrdé oTeAéxn atmoyovwpéva atro dUo )
TTEPICTOTEPA KPOUOPATA EVTOG TNG idIAG OIKOYEVEIOG KAl TEAOG ATTO OTEAEXN
OIAPOPETIKWYV A0BEVWY TTOU OUWG ETTIONUIOAOYIKA aAA& Kal uE avaAuon
MIRU-VNTR oxeTidovtav. O1 dU0 TeAeUTaiEG KATNYOPIEG AoOeVWV ATAV
QUTEG OTIG OTTOIEG N KAACIKE ETTIONUIOAOYIQ KAl Ol TTIPONYOUMEVEG
YOVOTUTTIKEG TTPOCEYYIOEIG Bewpouoav OTI 0 évag a0BEVAG €iXe HETOBWOEI
TNV vOoo oTov aANo. Me TTi0 1oxupn BERaIa TV €mMONUIOAOYIKI) GUOXETION
OTA £VOO-OIKOYEVEIAKA TTEPIOTATIKA.
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130

*Estimated rate of change in DNA
sequences 0-5 single nucleotide
polymorphisms (SNPs) per genome
per year (95% Cl 0-3-0-7) in
longitudinal isolates.

*Divergence rarely higher than five

. SNPs in 3 years

* 96% of paired isolates from
individuals and households differed
by <5 SNPs

*Threshold for MIRU-VNTR-based

communities differed by <5 SNPs
and not more than 12 SNPs
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Mtrépeocav €101 va eKTINAOOUV ToV puBud TNG peTaAlagoyéveong otoug 0.5
TTOAUPOPPICHOUG ava £TOG avd yovidiwua, ETIRERAIVOVTAS TNV MEYAAN
YEVETIK} 0TABEPATNTA TTOU EPQPaViICEl TO JUKOBAKTNPIDI0. Ta oTEAEXN ATTO TA
Zeuyn Twv acBevwyv diEpepav og AiyoTtepa atrd 5 SNPs kal Taviwg 6ca

ouoxeTidovrav peTagu Toug oTo idlo MIRU-VNTR cluster, o€ Oy

TePIoooTeEPa atmd 12 SNPs. H peAétn autn €06eo€ Kal Ta dpia TTou
XPNOIMOTToIoUVTal YIa va BewpnBouv 0TI BUO OTEAEXN OXETICOVTAI KAWVIKA
Kal €ival ouvABwg Ta <= a1rd 5 SNPs kal Tavtwg mTavra <= amod 12 SNPs.

Xwpic BERaia autd va BewpouvTal Ta TEAEIWTIKA ] ATTOAUTA.
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Meehan CJ et al. The relationship between transmission time
and clustering methods in Mycobacterium tuberculosis
epidemiology. EBioMedicine. 2018

“Our results suggest that clusters based on
Spoligotyping could encompass transmission
events that occurred almost 200 years prior to
sampling while 24-loci-MIRU-VNTR often
represented three decades of transmission.
Instead, WGS based genotyping applying low
SNP or cgMLST allele thresholds allows for
determination of recent transmission events,
e.g. in timespans of up to 10 years for a 5
SNP/allele cut-off.”
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MeAETN 324 oTeAeXwyV TTOU aTTOMOVWONKavV 0To KOVyKO Kal n oTToia
xpnoigotroinoe wg gold standard Tnv avadAuon pe WGS yia va dIEpEUVNOEl
TT0I0 €ival n SIOKPITIKA IKAvVOTNTA TwV NEBOdWY Spoligotyping kai
MITRU/VNTR katéAnge oTo CUPTTEPACHA OTI N YEV TTPWTN UTTOPEI VO IOKPIVEI
yeyovoTta Tou iowg ouvéRnaav 200 kai xpovia trpiv i 6 deuTepn TTPIV 3 Kal
oekaeTies. AvtiBeTa xpnoipotTolwvTag wg cut-off Ta 5 SNPs exkTiuAbnke Ot
MTTOPOUNE va «doUPEY» yeyovoTa PeTadoong MeTagu aoBevwy 10 kal xpovia
mpIv. Kal akéun 1o Tpdo@ata ota ~ 4 xpovia av peiwlei to cut-off oTo 1
SNP
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Gardy et al. Whole-Genome Sequencing and Social-Network
Analysis of a Tuberculosis Outbreak. NEJM, 2011; 364:730-739

Whe Gen

Whole-genome data revealed
two genetically distinct lineages
of M. tuberculosis with identical
MIRU-VNTR genotypes,
suggesting two concomitant
outbreaks. Integration of social-
network and phylogenetic
analyses revealed several
transmission events, including
those involving

et “superspreaders.” Both lineages
: descended from a common
ancestor Further epidemiologic
investigation revealed that the
onset of the outbreak coincided
with a recorded increase in crack

l_—%‘: cocaine use in the community

The MIRU-VNTR tree (left), illustrates clonality of the outbreak isolates.
The higher-resolution whole-genome analysis of SNPs reveals the
existence of two distinct cocirculating lineages, A and B.
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YTTAPYXOUV TTOANEG HEAETEG HOPIAKAG ETIONUIOAOYIKAG AVAAUCNG YE TNV
xprion Tou WGS . lMapaTiBevTal evOEIKTIKA Ta dedouEVa ATTO Wia €€ auTwy
yla va OeIXTel akpIBWwG N TTOAU uwnAR SIOKPITIKA IKAVOTNTA TTOU TTPOCQEPEI
T0 BAB0OG TNG availuong pe WGS, TTou OTnV TTPOKEIPEVN OUVOUAOTNKE Kal
ME TN KAQOIKN €TTIONUIOAOYIKN) DIEPEUVNON. 2ZTEAEXN TTOU N AVAAUCT UE
MIRU-VNTR 1a Katétacoe 010 id10 ETTEICODI0 KAWVIKNAG ETTIONUIKAG
€¢apong, atmodeixdnke OTI NTAV ATTOTEAECHA TNG BIACTTIOPAG dUO BIAKPITWV
KAWVWYV, HE OXETIKA TTPOCQaATO BERala TTPOYOVOo, TTou dlaaTrEipovTav
TTapAAANAQ Katd TRV idla XPOoVIKH TTEPI0dO TwV 3 ETWV TTOU KPATNOE N
emONUIKA £€apon Toug. O cuvduao OGS TWV YOVOTUTTIKWY OEOOUEVWV E
AvVAAUCT) TWV ETTAPUWYV TWV A0BEVWYV, UTTEDEICE £va KOIVWVIKO-OIKOVOUIKO
TTaPAYOVTa WG UTTAITIO — TNV aU&non TNG XProng KPOK OTNV CUYKEKPIKEVN
TTEPIOXI KAl TTEPIODO KAl TO AVTIOTOIXO «DIKTUO» XPNOTWV/BIOKIVNTWY KAl
OUYXPWTIOUOU yia XpAon - Kai atmokdAuye duo droua cav Tn moaviA
TTNYA TNG dI00TTOPAG KABE KAWVOU Kal Ta OTToia «£dpacav» oav
superspreaders . Ta dedopéva auTd TTOU TTPOEPXOVTAI ATTO AvadPOMIKI)
MEAETN Oeixvouv Kal Tnv dUvaun TTOU UTTOPEI va €XEI N JOPIOKN
emonuioAoyikA diepelivnon e TNV xprion Tou WGS, emreidn a) eT1avel 010
aTTOAUTO TNG AVOAUTIKAG IKAvOTNTAG TNG Kal BERaia B) éTav dOUAeUEl, OxI
avadpouiKd, aAAG O€ TTPAYUATIKO XPOVO PTTOPEl va KaBodnynoel
TIPOANTITIKEG TTAPEUPRATEIG, VO AVIXVEUOEI EYKAIPA VEA KAWVIKA OXETICOPEVA
TTEPIOTATIKA, VA BPEI KAl va «OTTACEI» TNV aAuaida Tng NeETadoong
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Meehan et a/ Whole genome sequencing of Mycobacterium tuberculosis:
current standards and open issues
Nat Rev Microbiol 2019 Sep;17(9):533-545.

40

Na TEAEIWOOUUE PE TNV EIKOVA OTNV dla@Avela TTou OeiXvel TNV Joper TTou Ba
TTAPEI — KAl O O€ OPICUEVEG XWPEG EXEI TTAPEI — N PON TNG OOUAEIAG OTO
OlayVWOTIKO EpYACTHPIO, YE TNV gl0aywyn Twv PyeBodoloyiwy Tou WGS Kail Ta
QVOMEVOPEVA OQEAN TNG TOOO OTN KAIVIK TTPAEN 600 Kal TNV dnuocIa uyeEia.
MeTd TnVv BeTIKOTTOINON OAIYONUEPNG UYPNS KOANIEPYEIAS TOU KAIVIKOU
oeiyparog, e€dyetal To BakTnpiako DNA kai yivetal WGS. H aAAnAouxieg pe To
KATGAANAO Aoyiopiké avTirapaBaAlovtal Je To yovidiwpa avagopdag
TTpoTUTTOU OTEAEXOUGC MTB. H avaAuaon TnG YEVETIKAG TTOAUUOPQIAG TTOU
QTTOKAAUTITETAI - JE TV HOPPHA TwV WGSNPS — pe TV Xpron Twv KAatadAAnAwv
Baoewv dedopévwy Ba divel TTANPO@OPIa yia TNV TUTTOTTOINGT TOU OTEAEXOUG,
TNV €VTagn Tou 1} OXI O€ KATTOIO ETTEICOBIO ETTIONUIKAG dIACTTOPAG
OUYKPIVOUEVO WE Ta TTpoNyouueva oTeAéXn oTnv Bdon dedopévwy Kal TEAOS Ba
KaBodnyei TNV KAIVIKR) TTPAEN Y1 EEOTOUIKEUPEVN BEPATTEUTIKI aywyn,
oTnNEI(OUEVN OTNV EVOEXOUEVN TTAPOUCIa UETAANAEEWY TTOU EVEXOVTAI OTNV
avatTugn avtoxng oc A/®.



