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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. 1661-1669

Ta atopa o€ éva €idog, eu@avifouv apKETH TTOIKINOPOPPIa WOTE OPYAVIOHOI
TTOU ATTOUOVWVOVTAI 0€ OIAPOPETIKA TTEPIBAAAOVTA ) XPOVIKA dIGOTANATA,
vVa UTTOPOoUV va dIaKpIBoUV O€ UTTOEION 1] O BIAPOPETIKA OTEAEXN.
MIAWVTAG PE ETTIONUIOAOYIKOUG OPOUG Ol OPYAVIOUOI TTOU EUTTAEKOVTAI OE
MIa emdNuIKN £€apaon BewpouvTal 0TI CUCXETICOVTAI JETAEU TOUG KAWVIKA
Kal OTI €X0UV KOIVH Kataywyr — Tpoyovo. O poAog TNG BAKTNPIAKNAG
YOVOTUTTOTTOINONG €ival va SIEPEUVIOEL, AV Ta MIKPOPBIAKA OTEAEXN TTOU
QTTOPOVWVOVTAI ATTO ETTIONUIOAOYIKA OXETICOPEVA TTEPIOTATIKA OXETICOVTAI
METOEU TOUG Kal YEVETIKA Kal o€ TToI0 BaBud. H popiakr emmdnuioloyia
OMWG gival EEAIPETIKA ONUAVTIKA KAl YA TO avTiOTPOYO, YIia va
avayvwpiooupe dnAadr eMONUIKES EEAPOTEIC, MEAETWVTAG TOV YOVOTUTTO
TWV ETTIPEPOUG OTEAEXWYV, VO BPOUNE TNV TTNYK TOUG KaI TOV UNXAVIOKO TNG
d1a0TTOPdC TOUG, Va exwpioouue TTaBoydva oTeAEXN ME 1IDIaITEPO
Aolpoyova XapakTnpIoTIKA, aAAd Kal va eAEYEOUUE TNV ATTOTEAECUATIKOTATA
TWV TTOPEPPACEWY PAG, OTTWG TT.X. TWV TTPOYPANUATWY EUBOAICHOU 1} TOV
€AEYXO TNG EVOOVOOOKOUEIAKNAG 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 yovortutrotroinon ivai n diadikagia Pe TNV OTroia BPIOKOUPE Ta YEVETIKA
aAANASPOP@a TTOU PEPEI EVA ATOPO £VOG €IDOUG . XPNnOIUOTIOIOUVTal
OIAPOPETIKES Kal TTOIKIAEG HEBODOI avAAoya Kal e TO OE TTOIOUG YEVETIKOUG
TOTTOUG avadnToupe TNV TToIKINopop@ia. O1 TOTTOI, TTPIV TNV EI0aywyr] TWV
pMEBodoAoyIwV Tou NGS, TToU €mMITPETTOUV TNV avaAuon 6Aou Tou
YOVIOIWMPATOG, NATAV - KAl €ival AKOWPN, av Kal n katadotaon aAAdlel paydaia
ME TO NGS - KOBOpPIOPEVES TTEPIOXES TOU YOVIOIWMATOG TTOU ePpavifouv
O14@popo BaBuS PeTABANTOTNTAG £TOI WOTE VA UTTOPOUV VA
XPNOIMOTTOINBOUV WG YEVETIKOI OEIKTES
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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 eCapTdTal
atro 10 pUBPO ue Tov otToio eTaBAAAETal. MTTopei £T01 va XpnoiuoTtroinBei
€iTE yIa BPaxuTTPOBETUN - KAI TTEPIOPITHEVN YEWYPAPIKA avaAuon - 1] yia
MO MOKPOTTPOBECUN KAl EKTETAUEVN ETTIONMIOAOYIKN digpeuvnon. Or deikTeS
TTOU IOTOPIKA £XOUV XPNOIUOTTOINOEi yia TNV €MIONWIOAOYIKR dlEpEUvVNON OTO
MukoBakTnpidlo gival Tpeig: To ueTabeTd oToixeio 1IS6110, n TTEPIOXT TOU
yovidiwpaTdg Tou Bakilou ue Ta Direct repeats - DRs kai o1 d1G0TTAPTES
mepiox€G MIRU-VNTR. eveTikoi 161701 TTOU €@avidouv TTOAU apyo puBud
METARBOANG, yia TNV akpipeia uTTopouv va Bewpnbouyv eEaipeTikG oTaBEPOI,
OTTWG TT.X. Ta yovidla TTou KwdikoTrolouv 10 rRNA, xpnoigoTtrolouvtal, AOyw
OKPIBWG AUTAG TNG OTABEPATNTAG TOUG, VIO PUAOYEVETIKEG KOl ECENIKTIKEG
OUOXETIOEIG, OTTWG €idapE Kal TTPIV JE TIG HEBODOUG yIa TNV
dlapopodidyvwaon Twv NTM .
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2 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)

2 “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 II, 1995

To yovidiwua Tou JUKOPBAKTHPIOU TNG QUUATIWONG ATTOKWOIKOTTOINONKE TO
1998, éxel Aiyo Aiyétepeg atrd 4,5 ekart. Baocelg, uwnAd GC TTepIEXOUEVO,
TTOAAEG eTTavaAapBavopeveg aAAnAouyieg kal Oev @épel TTAaouidia. To
MUKoBakTnpidio dev KAvel avTaAAayr YEVETIKOU UAIKOU HECW TTAACHISIWV A
GAAWV Pnxaviopwy. ‘ETol TO YEVETIKO UAIKO TWV ATTOYOVWV gival
TTAVOUOIOTUTTO PE TO TTATPIKO 1] HAAAOV CwoToTEPA, DIAPEPEI HOVO OTO
Babuo 1ou £xouv cupPei peTaAAGEEIC kaTtd Tn dladikagia Tou
dimAaciaopou Tou DNA. Z€ opyaviopoUg PE TETOIA XOPAKTNPIOTIKA, N JOvn
TTPOUTTO0e0N yia TTANBUCUIOKK YEVETIKI av&dAuan, €ival n TTapouadia IKavou
aPIBUOU BIOPOPETIKWV TTEPIOXWV HE IKAVO BaBUO HETOAAAYAG, WOTE VA
MTTOPECOUV OUVOUOOHEVA VA XPNOIKMOTTIOINBOUV WG UOPIAKOI YOVOTUTTIKOI
OEIKTEG.
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loTopIké O TTPWTOG YEVETIKOG OEIKTNG TTOU XPNOIKOTIOINONKE yIa TV
emoONUIoAoyIKA dliepelvnon Twv oTeAexwv MTB fTav 1o HETABETO aTOIXEIO
IS6110. Eivai TUTTOU Il HETABETO OTOIXEIO TTOU KWOIKOTTOIEI TNV KK TOU
TRANSPOSASE, tnv Tpwrteivn dnAadr) Tou e§aa@aAilel TNV UETABECT TOU
WG THAUa DNA, a1té pia TTEPIOXN TOU YEVETIKOU UAIKOU o€ GAAN.1-15
avTiypaga Tou oToixeiou 1S6110 BpiokovTal dIACTTAPTA OTO YOVISiWKaA TOU
MukoBakTnpidiou. ‘Exel d€1xOei 0TI TO OTOIXEIO €ival eV apKETG oTABEPO O€
ETTITTEDO OTEAEXOUG, APKETA OPWG KEUKIVNTO» WOTE VA ETTITPETTEI TO
Slaxwpioud dUo emdNUIOAOYIKA un cuoXeTIOuEVWY oTeAexwv. O puBudg

1S6710-Based Genotyping
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( Barnes PF & Gave MD. N Enel J Med 2003 349:1149-56 LY 31 )

Mutation rate: 0,287/ genome/ year (210 1S6110)

METABOANG £xel eKTIUNOEI o€ pia KABe 3,5 xpovia.
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Figure 1 - Profile of the four M
aligned using the Mt 14323 strain
RFLP: restriction fragment length

isolates defined through the RFLP-1S6110 technique. The bands were

MeBodoAoyikd: INiveral TTéywn Tou DNA e Tnv evdovoukAedon Pvu Il TTou €xel
éva onueio avayvwpiong eviog Tou 1IS6110 Kal QUOIKA TTOANATTAG onueia 01O
UTTOAOITTO YEVETIKO UAIKO. Ta Turiuarta Tou DNA TToU TTPOKUTITOUV
NAEKTPOPOPOUVTAI, HETAPEPOVTAI OE PEUPBPAVN Kal uBpifovTal HE ONUACHUEVO
IXVNOETN TTOU avayvwpilel To AKPOo Tou PETABETOU aToIxEiou. To pattern TTou
TTPOKUTITEI KABOPIZeTal ATTO TOV APIOUO TWV AVTITUTTWY TOU PETABETOU
aToIxEiou Kal TNV B€on Toug oTo yovidiwua. H ouykpion Twv dIaQOPETIKWV
patterns eTITPETTEI TNV CUCXETION PETAEU TWV DIOPOPETIKWY OTEAEXWYV, OTTWG
QAivETAl OTO KATW PEPOG TNG DIAPAVEING

TPIA ZHMANTIKA MPOBAHMATA:

1. XpeidZetal apkety ToootTnTa DNA 110U TTPOUTTOBETEI HEYAAN KOAAIEPYEIQ
MUkoBakTnpIdiou Kal auTtd dev gival OTI TTIO ACPAAEG KAl ETTITTPOCHETA €ival
XpPOVoRopo.

2. Ta atroteAéopaTa Oev €ival EUKOAOD CUYKPIOINO HETAEU TTOAAWV
OIAPOPETIKWYV OTEAEXWV OAAG Kal HETAEU TWV EPYACTNPIWV.

3. Eival xapunAn n d1akpITikr IKavoTNTa YIa OTEAEXN TTOU €XOUV PIKPO apiBud
eTTavaAqyewy Tou 1S6110

‘ET01 N u€EBOBOG KATEANEE TEAIKA VO XPNOIUOTIOIEITAI JOVO CUUTTANPWHATIKA KAl
oTo Babuod TTou xpeidloviav va auénbei n dIaKPITIKN IKAVOTNTA TWV
TTpooeyyioewv TTou Ba doUuE OTNV CUVEXEID
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CRISPRs (clustered regularly interspaced
short palindromic repeats? are DNA loci

containing short repetitions of base sequences. h
Each repetition is followed by short segments A >

of "spacer DNA” from previous exposures to e —

a virus. Ny
The CRISPR/Cas system is ™ e e
a prokaryotic immune system that confers .

resistance to foreign genetic elements
(plasmids and phages) and provides 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 deuTepPOG BEIKTNG TTOU XPNOIUOTTOINBNKE €ival n TTepIoxN We Ta Direcrt
Repeats. ZTnVv 1TEPIOXT QUTH UTTAPYXOUV 44 eTTavAAAWEIG TNG idIAG PIKPNAG
aAAnAouxiag. O1 TTapeuBaAAOpevEG aAAnAouxieg avaueoa o€ KABE avTiTUTTIO
gival yovadikES. ZAPEPA EEpoupE TO POAO TTOU TTaiCEl auTh N TTEPIOXN). Eival
éva YeveTIKOG TOTToG CRISPR 110U QTTOTEAET UNXAVIOUO AUUVAG TTOAAWYV
€I0WV TTPOKAPUWTIKWY OPYAVIOHWYV £VavTl EI0BOAEWY, OTTWG o1 Payol A Ta
TAAouidIa.
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Spacer Oligonucleotide typing (Spoligotyping)
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T111111110011111110111001111111100001000000  Srayecs

PCR product - Oligo Hybridisation

TAATOT1AT1111.011-100-111.911.110.000-100-000.0  14+1 geugirg
T T T3 77 3 477 6 0 400 owwossn

Mutation rate: 0,039/ g fyear [

+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

O1 yetapAnTéc aAAnAouxieg peTagu Twv DRS akivnToTroloUvVTal PE
KaBopiouévn o€ipd o€ PeUBPAVN Kal XPNOIKMOTTOIOUVTAl WG IXVNBETEG OTOUG
oTroioug uBpIdifovtal Ta TTpoidvTa PCR 110U KOAUTITOUV TRV TTEPIOXT. O
PUBUOGG PETAAAOENG TNG TTEPIOXNG Eival PIa KABE 25 xpdvia Kal auTEG
odnyouv oTnv attwAeia DRs, dpa Kal Twv TTaPEUBAAAOPEVWV TTEPIOXWV.
‘ET01 d1d@opa 0TEAEXN UTTOPEI va ep@avifouv dIOQOPETIKG pattern
UBpPIBICUOU, TO OTTOIO EUKOAQ TTEPIYPAQPETAI UE TO dUAdIKO UOTNUO
(NAI/OXI) i TeAikd e To OKTAdIKO cuoTnua.) H pyetarpotr) auth fonbda
otnv avaAuon & oUyKpIoN PETAEU TV OTEAEXWYV AKOUN KOl av
QaTTOPOVWVOVTAl ATTO BIAPOPETIKA epyacTipla. H diadikaoia ovouddeTal
Spoligotyping (Spacer Oligonucleotide typing). O puBudg
pMeTaAagoyEveong gival HIKPOG Kal v auTd 0 marker auTtdg ETTITPETTEI TOV
o adpsd diaxwpioud Kal Bewpeital KATAAANAOG yia TNV KATATAEN TwV
OTEAEXWV TWV JUKOPBOKTNPISIWV O& PHEYAAESG ECENIKTIKEG OIKOYEVEIEG KOl
UTTO-OIKOYEVEIEG
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MIRU39
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4400

MIRU31
MIRU27
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MIRU24

H37Rv
4411529 bp

MIRU23 MIRU20

MIRU2 MIRU-VNTR* Typing
MIRU4

Analyses genomic loci

MIRU40  where short nucleotide

MIRU10 Sequences are organized

as tandem repeats

*Mycobacterial Interspersed
Repetitive Units-Variable
Number of Tandem Repeats

MIRU16

strains

MIRU-VNTR locus
T T
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H yovoTuTrikr} u€60d0¢ TToU XPNOIMOTTOINONKE OTN CUVEXEIQ, avAAUE TIG
mepioxés MIRU-VNTR TT0U €ival dIGoTTapTeG 0TO yovIQiwua Tou
MukoBakTnpidiou. e kB MIRU-VNTR €xoupe d1adOXIKES ETTAVAARWEIS
TNG idlag aAAnAouxiag in tandem , dnAadr Xwpig va TTapeuBaliovTal
avAapeod Toug AAAEG aAAnAouxieg OTTwG oupPBaivel ota DRs . O apiBuog
TWV ETTAVAARWEWY UTTOPEI Va dIa@EPEl HETAEU TwV ATOPWY Tou £100UG. 'EXEl
xpnoigotroinBei diadoyika n ouvduacpévn availuon 12, 15 kai 24
dlapopeTikwyv MIRUS.



Awadadvela 11

DNA Replication slippage @)

MNormal replication :

DNA polymerase encounters

the direct repeat during the o

replication process. Backnard siipage 5 _ oo CA0 CAGEAGIEAGHOAG

The polymerase complex "
suspends replication and is Insertion & —CAGHEAGHEAGHEAGHEAGHEAGHERG——— 7
temporarily released from the mutantion ¥ = {ENEHETIEHETTEHEEHETEHETHEE i

template strand.

Normal

The newly synthesized strand

then detaches from the p
template strand and pairs with ~ Fowarasippage 2 :
another direct repeat upstream E S
or dOWnStream. i Second replication
1

Dection 3 —Ead Ead EAdCAGHCAG——————— s
DNA polymerase reassembles muaion ¥ TOHEEHERHERERT—
its position on the template 5 S A S T ————— 7
strand and resumes normal Normal  —HETHEH T 5|

replication.
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O apiBuos Twv eTavalaupavopevwy aAAnAouxiwy ota MIRUs ptTopei va
MeTaBAAAETAI, KUPIWG AdYW «YAIOTPANOTOG» TOU VEOOUVTNOEPEVOU KAWVOU
DNA katd Tnv diadikagia TnG avtiypa@ng Kai UBPIBIoUOU TOU WE TNV TTPIV A
META euplokOuevn eTTavaAapBavopevn aAAnlouyia. H diadikaoia auTh
MTTOPEI va TTpooBEael aAAd Kal va a@alpETEl QVTITUTTO
etTavaAapBavopevwy aAAndouxiwy . ‘ETol uttopei va ocuuBei kai
AvaOoTPO®NA MIag JETAAAAENG, TTPpAyua TTOU OEV CUUPBAIVEI PE TIG
TTapeUBaAASpeveG aAAnAouxieg ota DRs. BEBaia 1600 o€ 0TI apopa TIG
mepioxés MIRU/VNTR, 6co kai Tnv trepioxr] DR, éxouv BpeBei oTeAéXN e
TEPAOTIA KATA Ta AAAA YEVETIKHA TTOIKINOJOP®IQ, OTA OTTOIa N GUYKAivouoa
e€ENIEN dnuioupynoe TTavouoldTutTa pattern MIRU/VNTR 1 Spoligotypes.
Kai yia 1o HETABETO OTOIXEIO, OPWG UTTAPYXOUV DEQOUEVA OTI £XEI
«TTPOTIUNCON» METABEONC O€ OUYKEKPIUEVES TTEPIOXES. O KivOuvog va
OUOXETIOTOUV PETAEU TOUG OTEAEXN TTOU OEV £XOUV OXEON, OAAG Ep@avifouv
OMOAOYIa 0€ CUYKEKPIMEVOUG YEVETIKOUG TOTTOUG AOYW OUYKAIiVOUC QG
eCENIENG, Oev aopd uOIKA povo 1o MTB kal oTnv Tpdén avTiyeTWTTICETAI
MOVO JE TNV YOVOTUTTIKI avAAuoT Tou cuvOAOU TOU YOVIDIWHPATOG.
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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 petdAAaénc ava MIRU/VNTR 16110 €ival pikpdg. Ta dla@opeTika
OTEAEXN MUKOPBOKTNPIOIWV PTTOPEI VA EUPaviouV dIaQopES OTOV apIBPO
TWV QVTITUTTWVY O€ ETTIHEPOUG YEVETIKOUG TOTTOUG. H di1a@opég uetagu duo
OTEAEXWV €ival avVAAOYEG TOU XPOVOU TTOU £XEI HEOOAAPBNOEI ATTO TOV KOIVO
TTPOYovo Toug. 'Exel deixOei 611 N avdAuon 24 cuykekpiyévwv MIRU-VNTR
- a1ré Ta 41 ouvoAikd TTou €xel To MTB — €ivar Ikavr va dwoel TTAnpo@opia
TOOO YIO TNV QUAOYEVETIKI HEAETN OO0 Kal yia TNV digpelivnon TNG aAuaidag
TNG METAdOONG. 2UVOUACTIKA oI 24 TOTTOI EUPaviCouv pubud
METOAAOKTIKOTNTAG avAAoyo Tou YETaBeTOU aToIxEiou 1S6110 .



Awadadvela 13

PCR amplification of individual VNTR loci Gel electrophoresis of MIRU PCR products

M
MIRU 2 MIRU 4

ONA — ==

Repeat number M

3 repeats 2 repeats

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

1S6710 RFLP Fingerprint Spoligotype pattern Isolate
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‘ l= T1311m1
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Isolate
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Texvikd autd TTou KAvouue gival va TToAaTtTAacidoouue ue PCR Toug
OIAPOPETIKOUG TOTTOUG KAl VA UTTOAOYICOUME aTTd TO JEYEBOG TOU TTPOIOVTOG
TOV apIBUS Twv avTITUTIWY o€ KGBe VNTR 16110. ATT0didoUuE TO
atroTéEAEOPa PE Eva 24wn@io aplBud TTou o€ KABE Yyn@io Tou TO VOUUEPO
QVTIOTOIXEI OTOV APIOUO TwV avTITUTTWYV Yia KGBe éva atrd Ta MIRU-VNTR.
Me Baon autdv ToV apIBPUO CUYKPIVOUUE PETAEU TOUG Ta OTEAEXN. ZTEAEXN
pe Travouolotutto MIRU-VNTR pattern BewpouvTal 0TI aviikouv o€
€mMONUIKA dlaoTTopd Tou idIou KAWVOU.
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Welcome to the MIRU-VNTRp/us web application!

identification by

simiriy search Via this freely accessible service
users can compare their
strain(s) with the reference
| et metch e L strains for the assignment of
mmm MTBC species, lineages, and
\

genotypes.

tree-based identification

m Species. Lineage  Country of Isolation

i3
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

FER BB RRRfRRRRFRRRRREFRRERIERL
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Ymrapyouv Bdaoeig dedouévwy Kal on line TTpoypduuata avaAuong TTou Jag
ETTITPETTOUV VO OUYKPIVOUUE TA YEVETIKA ATTOTUTTWHOTA TWV OTEAEXWYV TOCO
METOEU TOUG, OO0 Kal PE Ta OTEAEXN TTOU Ta OEBOMEVA TOUG UTTAPXOUV AN
KatateBeipuéva. ‘ETol ETTITUYXAVOUUE TNV OPAOOTIOINCN TWV OTEAEXWV
avaloya ue 1o BaBud opoidéTNTag o€ abpoiouarta (CLUSTERS)
TTAOVOMOIOTUTTWY YOVOTUTTIKA OTEAEXWV. AUTA PE TN O€IPA TAIVOUOUVTAI O€
ouGdec uwnAou Babuou opoIdTNTAG, OE UTTO-OIKOYEVEIEG JIKPOTEPOU
Babpou, K.0.k. Kavoupe dnAadr pia katnyoplotroinon atrd KATw TTpog Td
Tavw Pe Bdon Tov BaBuod oupoidTnTag. H opadoTtroinon autry Bonb& atnv
avaAucon TNG YEWYPAPIKAG Kal TTANBUCUIAKAG KATAVOUAG TOUG, AAAG Kal TNG
«TTapakoAoubnon» TNG d1IACTTOPAC TOUG ATTO TNV APXIKI YEWYPAPIKN /
TTANBuoHIoKA ageTnpia. EmMTTPooBeTa, avaloya pe 1o TTOOO AETTTOPEPES
€ival To YEVETIKO QTTOTUTTWHA UE TNV YOVOTUTTOTTIKI UEBOdO A e
OuUVOUOOHO TwV HEBOBWYV, NTTOPEI VO ATTOKTACOUE EIKOVA yia TNV TTIBavA
aAugida petddoong evog oteAéxoug atmmd acBevr) o€ acbevr).
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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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2AuEPa gipaoTe o€ B€on pe BAon Ta YEVETIKA OEBOUEVA VA KAVOUME HIa
uTTéBe0n yia TNV EEAIKTIKA TTopeia Tou MTB. MioTeveTan 611 KATTOI0G
TTETUXNMEVOGS TTPOYOVOG TOU BaKiAOU aTTOIKIOE TOV AVBPWTTO TTEPITTOU
40.000 xpdvia TTpIv, £CeNiXBNKE O UTTOXPEWTIKO EVOOKUTTAPIO TTAPACITO
Kal Tov akoAouBnoe otn diaotropd Tou o€ OAn TN yn. Ekei oToug
ATTOPOVWHEVOUG avBpwTTivoug TTANBuououg, To MTB, icwg pepIKwg
YEVETIKA DIOQOPETIKO £€apxNS Kal Adyw TTAnBucpiakwy bottle necks ,
€€eAixOnke OTOUG TTPOYOVOUG TWV CNUEPIVWV HEYAAWYV OIKOYEVEIWV
OTEAEXWYV, TTOU EPPAVICAV KAT ApXAG TOTTIKA OIA0TTOPA OC0 TNV ETTETPETTAV
Ol TTEPIOPIOUEVEG aVOPWTTIVEG ETTAPEG. OI ETTIHEPOUG AUTOI KAWVOI OUV-
eCeAixBnkav pe Toug avBpwTTivoug TTANBucoUG TTou etTidAuvay. ‘ETol Ta
onuepiva oteAéxn Tou MTB katatdooovTal o€ 7 JEYAAEG ECEAIKTIKEG
OIKOYEVEIEG TTOU EUPAVICOUV XOPAKTNPIOTIKI QUAOYEWYPAPIKY 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

- I

| R

“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 yewypa@IKOG TTEPIOPICHOG / EVTOTTIONOG AANACEI JE TNV EVTIATIKOTTOINON
TWV AVOPWTTIVWYV ETTAQWY. 2TNV apxr ME TNV ATTOIKIOKPATIO KAl OTAV
OUVEXEIQ JE TNV BIOPNXAVIKA €TTAVACTAON, TV GOTIKOTTOINON Kal TNV
peTavaoTeuon. Kal akOun TTEPICOOTEPO OAMEPA UE TNV TTIO £VTOVN
avBpwTmivn eTa@r. H ekteTapévn petd-avaAuon TTou ava@EPETAl OTNV
dlagavela TTou repiEAae >200.000 oTeAEXN, £D¢€1EE TV TTOAU €UpUTEPN
d1a0TToPd TWV TTI0 TTIPOCPATWY EEEAIKTIKA OIKOYEVEIWV 2 (AVATOAIKO-
AciaTikr), 3 (AvatoAikng AQpiknig — Ivdiag) kal 4 (Eupw-ApepIKaviKn) Kal
TNV @Bivouca TTopeia Twv €EEAIKTIKA TTAAQIOTEPWY APPIKAVIKWV
olkoyevelwy 5 & 6. EmmpdoBeTa, aveédeite kal To pOAo TG EupwTTdiknig
aTToIKIOKPaTIiag 0T dlacTropd TNG Eupw-AdEPIKAVIKAG OIKOYEVEIQS (UE TO
MouoTapdi Xpwua ) o€ OA0 TOV KOOHO N OTToia KAl KUPIapXEi OTIG 52 ATt TIg
85 XxWwpeG OTIG OTToiEG ava@EépovTal Ta OEOOUEVA.



Awadadvela 17

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

ISiaiTepo evdiagEpov TTapouaidlel n oikoyévela BEIJING, pia atmod 11¢ 5
UTTO-OIKOVYEVEIEG TNG EUPUTEPNG AVATOAIKO-ACIATIKAG OIKOYEVEIOG YIATI TA
OoTEAEXN TNG EPPAVICOUV OPICHEVA IDIAITEPA AVNOUXNTIKA XOPAKTNPIOTIKA
OTTWG TO OTI: A) PAIVETAI VA £XOUV EVOOYEVWG OXETIKA auénuévn avoxn oTa
A/® pdpuaka, (aveEapTnTwg TNG TTapouciag HETAAAGEEwY oTa yovidia rpoB
kal katG/inhA) B) AuTi n avoxr UTToPEi va BIEUKOAUVEI TRV AVATITUEN
AavTOXAG Kal auto iowg va gEnyei 611 ouxva BEIJING oeAdyxi ouvdéovTal he
EMMONUIES TTOAUAVOEKTIKAG QUUATIWONG V) TTAPA TNV OXETIKA TTPO0QPATN
avadel¢A Toug — OTTWG UTTOONAWVEI N UWNAL €CEAIKTIKI) OUOIOYEVEIR TOUG —
eppavifouv TTaykdéouia dlaoTropd Kal eTTITTPO0OETA, &) ATTOUOVWVOVTAI JE
uwnAn ouxvotnTa atrd véoug acBeveic. Ta Trapatrdvw utrodnAwvouv
UWnAR HOAUCHATIKOTNTA Kal DIEPEUVATAI TO YEVETIKO UTTORaBpO TTOU
KaBopilel Ta TMOETIKA XAPAKTNPIOTIKA TNG TTOI0 ETTITUXNMEVNG, OTTWG
XapakTnpigetal, eCENIKTIKNAG olkoyévelag 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

H poplakn yovoTuTroinon UTTOPEi va €XEl 101aITEPA ONUAVTIKY CUUPBOAR oTnv
€MONUIOAOYIKA dlEPEUVNON TNG VOOOU. TO KPIOIPO OTNV ETTIONUIOAOYIKN
dlepelvnan TNG QupaTiwon gival va dlakpIBouv Ta TTEPICTATIKA TTOU OPEiAoVTal
o€ TTPOoQaATn dIaCTTOPd ATTO AUTA TTOU OPEIAOVTAI OE EVEPYOTTOINON
AavBdvoucag vooou Kal oTa oTroia n uéAuvaon €xel cupBei K&TTola OTIYUA OTO
MakpIve TTapeABov. O Adyog eival TTpo@avig . MOvo oTnv TTPWTN TTEPITITWON
gival duvartov/meavov va atmokaAupBei péow avaliTnong Twv ETTAQWY, N
aAucida Tng petadoong, va Bpebei n TTNyr TG vooou, va An@Bouv pETpa
O1aKOTING TNG dlaoTTopdg, va BpeBouv Kal va UTTouv o€ BepaTtreia aoBeveic TTou
0ev £xouv avalnTioel akoun ol idlol TNV 10TPIKA CUUPBOAR], va digpeuvnBEi n
AavBdvouoa vooog kal va 500€i xnueioTrpo@uAagn.

BéBaia yia 6Aa Ta TTapattdvw deV APKEi JOVO N JOPIOKH ETTIONMIOAOYIKN
dlepelivnon aAAG XpeEIAleTal 0 oUVOUQOUOGS TNG WE KAIVIKA ETTIONMIOAOYIKA
dedopéva Kal n UTTapén MNXavIoPoU EQApPOYAg 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 ouvduaouOG TWV TTPOCEYYIOCEWV Eival avaykaiog yiati Adyw Twv
XOPAKTNPIOTIKWY TOU VOO UATOG €ival BUOKOAO va aTnpixOei KATToI0G JOVO oTa
0edopéva TG KAAOIKAG £TTIONUIOAOYIKAG avalnTnong. a éva agpoyevwg
METadIOONEVO vOOnUa UTTAPXEl TTAVTA N au@IBOAia TToU TO «avaTTvEUCOUEY,
TTOAU TTEPICOOTEPO HANIOTA OTAV N TTEPIODOG KETTWACNG» TNG VOOOU UTTOPEI VO
gival TToOAAG Xpovia. 'H akoun 1o yeyovog o011 n véoog
dlaoTreipeTal/ekdnNAWvETaI TTI0 €UKOAQ O€ 181aiTEPA EUAAWTOUG TTANBUCOUG
T.X. TTEPIOWPIOTTOINPEVEG KOIVOTNTES , XPAOTEG OUCIWY, OAKOOAIKOI | doTeyol
OTOUG OTTOIOUG UTTAPXOUV ETTITTPOCOETEC BUCKOAIEC TTPOCEYYIoNG &
emONUIoAoYIKAG diepelivnong. Katd ouvETTEla N Joplakr €TIdnUIoAoyia
QTTOKAAUTITOVTAG TNV UTTAPEN YEVETIKA OUOIWV OTEAEXWYV WTTOPEI va TTPOCPEPEI
TPO0OeTn TTANPOYOpIa Kal va kaBodnynoel/Bondnoel TNV €mONUIOAOYIKI)
dlgpelivnon oTnv KoIvoTnTa.
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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

(j(j) ((’ § § § Algorithms that consider time
e® and space are used to identify
S o clustered cases that may be due
s & § 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 METABOONG TOOO 0 acBevr G 600 Kal TO ATOUO TTOU JOAUVEI
QEPOUV BAKIAOUG PE TTAVOUOIOTUTTO YEVETIKO UAIKO. H yovoTuTroinon
QTTOKAAUTITOVTOG TNV TTAPOUCia BAKIAWY PE TTAVOUOIOTUTTO YEVETIKO UAIKO
B€Te1 TNV UTTOVOIa OTI 01 U0 aCBeveEig cuvdEovTal ETTIONUIOAOYIKA KOl
ATTOTEAOUV TTEPITITWOEIG TTPOCPATNG METADOONG — JETALU TOUG 1) HEOW
TpiTOU A AAAWV aoBevVWV — KaTA TN €TTIONMIKY dIACTTOPA £VOG BAKTNPIAKOU
KAwvou. AUo A TTEPICOOTEPA PAKTNPIOKA OTEAEXN ME TOV iBI0 YOVOTUTTO
KatataooovTal OTTWG TTPoava@Epape otnyv idia opada (cluster) . Eidikoi
aAyopiBuol TTou £xouv TeBEi o€ epappoyr - OTTwG TT.X. a1rd To CDC Twv
HIA — TTOU OUVEKTIJOUV TOV XPOVO Kal TOV TOTTO EKOHAWONG TWV
KPOUOUATWY aTTOKAAUTITOUV TTIBaVA TTEPIOTATIKA TTPOCQPATNG dIACTIOPdG,
TTOoU (Oa) TTPETTEI va KIVNTOTTOIOUV TIG APXEG.
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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
g

— ) )

Spoligotyping patiem

SMIRLVNTR profike

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 rapdadelypa TG OUVANIKNAG TNG MOPIOKNG ETTIONUIOAOYIAG QaiveTal
otnv diagaveia. Aedpa TNV TTOAN TNG Zapayooa otnyv lotravia O1Tou n
YOVOTUTTIKI) avaAuon atrokGAuye 011 To 19% Twv OTEAEXWY, O€ pIa TTEPIOdO
3 €TWV, gixav éva OXETIKA OTTAVIO AAAG TTAVOUOIOTUTTO YOVOTUTTIKO TTPOQIA
Kal JE TIG TPEIG HEBGOOUC yovoTuTTIKAG avdAuong. Ta dedopéva auta
UTTOONAWVOUV OTI Ta OTEAEXN TTOU OTTOPOVWONKAV aTTd AUTOUG TOuG 78
a0oBeveic NTAv TO ATTOTEAEO A TTOAU TTPOCPATNG KAWVIKNAS dlaoTTopdc. To
yeyovog 0TI ol aoBeveig, TTou oI TTEPIccOTEPOI {OUCAV O€ IO TTEPIOPICHEVN
TTEPIOXN TNG TTOANG ) 0€ KOVTIVA OTTiTIa/dpOuouG, Oev gixav KATToIo 181aITEPO
TTapdyovTa KIvOUVoU, UTTOORAWVE ETTIONG TNV TTAPOUCIA EVOG OXETIKA
I0XUPA& Aolpoyovou kKAwvou. TETolou €idoug dIEPEUVNOEIG OTAV YivovTal O€
TTPayHaTikd Xpdvo— OTTwG cuuBaivel T1.X., oTnv OAAavdia ) Tnv M.
BpeTavia - kal 6x1 avadpouikd, JTTopouV va evioTTi(ouv Aueca TNV
EMPAVION KAWVIKA OXETICOPEVWV TTEPICTATIKWY TTPAYHA, TTOU ONUAiVEl OTI
EXoupue TTpoo@aTn Petaddoon Kai va dlEUKOAUVouV/KaTeubBuvouy Tnv
€MONUIOAOYIKA dlEPEUVNON OTOV EVEPYO EAEYXO TNG VOOOU Kal TNV Afyn
METPWV TTEPIOPIOHUOU 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 1Tepiodo 2009 — 2012 to EKAM cuppueteixe padi e aAAa 29 Kévrpa
Ava@opdg atmd 6An Tnv Eupwtrn o€ TTaveupwTTdikd TTPOYPAUNA HOPIOKNG
€mMONUIOAOYIKAG dlEPElvNONG TNG TTOAUAVOEKTIKIG — UTTEPAVOEKTIKAG
QuuaTiwong. Z16xX0G Tou TTpoypAuuaTog ATav n digpelvnon TToavng
dlacuvopIlakAS BIaoTTOPAG TNG VOOOU OTNV TTOAUAVOEKTIKY Jop®n TNG.
EpyaAgio n emdnuIoAoyIKr) YOVOTUTTIKY avadAuon pe Baon Ta 24-
MIRU/VNTRs Kpitrjpio diacuvopiaknig d1aoTropds ATav O EVIOTTIONOG
«EupwTtraikwvy clusters dnAadr ouddwyv dUO ) TTAPATTAVW OTEAEXWV UE
TravopoidTutto MIRU/VNTR  1Tpo@iA TTOU atropovwenkav Ouwg o€
OIAPOPETIKEG XWPEG.
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Ta oTeEAEXN TTOU YOVOTUTTOTTOINBNKAV KATA TNV SIAPKEIN TOU TTPOYPAUMATOS
KAAuwav pévo 10 TTEPITTOU TO 22% atrd Ta TTAvw aTrd 5000 ekTIpWUEVA
MDR/XDR oTeAéxn TnG TTEPIOOOU AUTAG, OTIC XWPES TTOU CUMMETEIXaV. O
apIBUGG TV OTEAEXWV TTOU avaAUuBnkav ava xwpa Qaivetal oTn diIa@avela.
Mévo 9 a1é T1I¢ 30 XWpeg avaAuoav YOVOTUTTIKA TTavw atrd 10 70% Twv
OTEAEXWYV TTOU ATTOPOVWONKAv autd TO dIACTNUA KAl AAAEG 4 yUpw OTO
50%. YTTApXEl UTTOEKTTPOCWTTNOT OTTO XWPES ME UWNAS apiBud
TTOAUQVOEKTIKWYV OTEAEXWV A aKOUN Kal TTAVTEAAG aTToudia Toug OTTWG TT.X.

Denmark

Estonia

Spain

Finland

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

B Cyprus (n=1)
B 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)

O Slovakia (n=13)

O Bulgaria (n=36)

B Germany (n=62)

B italy (n=40)

B France (n=79)

O Ireland (n=18)

O Norway (n=28)

23

n Poupavia. Autr) ATav kai n Bacikdtepn aduvapia TG MEAETNG.
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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 $VNTR)
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 uroPean 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-/XDR-TB plays an important role in the
EU, especiaIIFI 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 £deiEav OT1 Eva uPnAd TTooooTO — ~45% TWV OTEAEXWY —
opadoTroINOnke o€ £va atrd Ta 79 «Eupwtraikd» clusters mmou
evrotriodnkav. To eupnua autd uttodnAwvel dlacuvoplakr diacTTopd
TTOAUQVOEKTIKWYV OTEAEXWV O€ TTAVEUPWTTAIKO €TTITTEDO. Ta OTEAEXN TTOU
opadoTroidnkav o€ clusters avrikav Kupiwg otnv oikoyévela BEIJING Ze
OPIOHEVEG XWPES OTTWG AUTEG TNG BAATIKAG @aiveTal 0TI UTTAPXEI EVEPYNG
O1a0TTOPd TTOAUAVOEKTIKWY OTEAEXWYV VIO JEYAAO Xpovikd didoTnua.
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O Ireland
B Norway

O Sweden

8 The Netherlands
VNTR0003

| Lithuania

O Hungary

] B Greece

B Finland
@ Spain

O Estonia
B Germany

VNTR0002

n=377

0 10

20 30 40 50 60 70|

ECDCO0002, 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

MNa Ta duo peyaAa clusters, TTOU EVTOTTIOBNKAV, O CUVTPITITIKA HEYAAUTEPOG
apIBuSG Twv OTEAEXWYV TTPOEPYOVTAV atro Tnv EcBovia, 2Tn xwpa auTh,
TTOU UTTEP -QVTITTIPOCWTTEUOVTAV O€ OTI APOPA TOV APIBUO TWV OTEAEXWV
OTO OUVOAIKO Ogiyua, @QaiveTal OTI UTTAPXE EVEPYOS dIOOTTOPA OTNV
KOIVOTNTA- Kal yIa JEYAAO BIGoTNUa — Twv dU0 QUTWV TTOAUAVOEKTIKWV
KAwvwv. OTTwg TTpoava@épBnke 1o TTPORANUa £XEl TNV pida Tou OTNV
Babia kpion Tng dekagTiag Tou '90 OTIC XWpPeS TNG TTpwnv ZE. AlaocTtropd
TWV OUYKEKPIPEVWY KAWVWYV EVTOTTIOTNKE OTA TTAQICIA TOU TTPOYPANPATOG
o€ GAAeG 16 EupwTraikég xwpes. ANa éxouv attopovwBei kal oTtig HIMA &
Tov Kavadd. Ta dedopéva autd deixvouv BERaia, OTI yia Eva OEPOYEVWIG
METadIOONEVO vOOoNUa Kal OTA TTAQiOIO EVOG AAANAOCUVOEOEVOU KOO OU
gival auTaTtrdTn va ToTeVETAl OTI AV TO TTPORANUA TTAPEI TOTTIKEG OIOOTACEIG
Ba TTepIopIOTE eKEl. PUOIKA Kal TO €idaue pe Tpayikd TpoTTo Pe Tnv 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
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AITO THN XQPA MAZ ANAAYOHKAN 54
NMOAYANOGEKTIKA/YTIEPANOGEKTIKA XTEAEXH

Ol AZOENEIZ AITO TOYZ ONOIOYZ ATTOMONQOHKAN HTAN KATA 80%
ANTPEZ
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TO 30% TQN AZOENQN HTAN M'HIENEIZ EAAHNEZ KAI TO 45%
NMPOEPXONTAN AlNO XQPEZ THZ NMPQHN Z.E. EAQ KATATAXOHKAN KAl
OI MAAINOZTHZANTEZ EAAHNEZ TOY MNMONTOY MOY KYPIQZ

Place of birth of MDR/XDR patients

COUNTRY
GREECE

NUMBER (%)
16 (29,6%)

COUNTRY

NUMBER (%)

GEORGIA

10

BULGARIA

2

RUSSIA

POLAND

1

MOLDOVA

3

ROMANIA

1

KAZAKHSTAN

EASTERN
EUROPE (-FSU)

4(7,4%)

UKRAINE

1

ARMENIA

1

FSU

24 (44,5%)

SOMALIA

1

FRANCE
(METROPOLITAN)

EGYPT

1

BANGLADESH

KENYA

1

IVORY COST

2

UNKNOWN

AFRICA

5 (9,3%)
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NMPOHAGAN AINO THN M'EQPTIA.

ENA 10% TQON AZOENQN MNMPOHAGE AlNO XQPEZ THZ A®PIKHZ KAl 7%
AMNO XQPEZ THZ A. EYPQIMHXZ ENAX AXOENHZ AINO THN FAAAIA KAI

ENAZ AMNO THN AZIA. TIATPEIZ AEN YTTHPXAN AEAOMENA
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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 MEZH HAIKIA TON EAAHNQN HTAN TA 51 XPONIA KAI TON ZENQN TA
34

AYTO TO XAPAKTHPIZTIKO, AHAAAH Ol MIKPOTEPEZ HAIKIEZ TON
=ENQN %E *XEXH ME TOYZ N'HIENEIZ, AOOPA KAI TOYX AZOENEIX ME
EYAIZOHTH NOZO
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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

[EEN
S

Rl NP P, w| >

N
S
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H NMPOHIOYMENH ©EPAMEIA KAI H EMNA®H ME AX©ENH ME
OYMATIQZH HTAN OI KYPIOTEPOI NMAPAITONTEZ KINAYNOY
EIXAME KAI AYO EPTAZOMENOQOYZ ZTHN YTEIA

Ol EPTAZOMENOI £THN YTEIAANHKOYN OlNQ% EINAI ®YZIKO 2E
NAHOYZMIAKH KATHIOPIA YWHAOY KINAYNOY
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MDR/XDR strain have been isolated in most
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Ol AZOENEIZ ME NMOAYANGEKTIKH ®YMATIQXH AIEMENAN 'H
AIATNQXTHKAN ZE ZXEAON OAA TATEQIPA®IKA AIAMEPIZMATA THX
XQPAZ ME TON METAAYTEPO APIGMO XTHN AOHNA KAI =THN
2YNEXEIA 2THN MAKEAONIA KAl THN ©PAKH
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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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AEAOMENA ANO EMIAHMIOAOTIKH AIEPEYNHZH ZTHN XQPA MAZ AEN
YMNHPXAN

ETZI TO MONO ZTOIXEIO EMA®PHZ APOPOYZE ZYITTENEIZ MPQTOY
BAOMOQOY

YMHPXAN TPEIZ MEPINTQZEIZ NMI©GANOTATHZ ENAOOIKOIENEIAKHZ
AIAZINOPAXZ
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is et al. Multidrug i / ively drug-resi: tuberculosis in
Greece: p i of Mycob. 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
patients from the FSU countries.
Most 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 genoty||laes
Fhﬂlogeographica 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} avaAuon katétage padli —ava {euyn- OTTwWG ATAV Kal TO
QVEPEVOUEVO, TA OTEAEXN TWV CUYYEVWYV, ETTIRERAILLVOVTAG TNV EVOO-
OIKOYEVEIOKN d1aoTTopd. ZUVOAIKA Ta 46 oTEAEXN, YO TO OTTOION UTTHPEaV
aglotroifoipa MIRU/VNTR atroteAéopara, KATaTayxTnKav KUpiwg oTIG 3
MEYAAEG UTTO-OIKOYEVEIEG, TRV Beijing kai TiIg duo EupwTraikéc LAM &
Haarlem. Ta oteAéxn TTOU atTOPOVWONKAV ATTO TO LEVOUG QOBEVEIG gixav
OUOXETION ME KAWVOUG TTOU KUKAOQOPOUV OTIG XWPES TTPOEAEUONG TOUG, TO
60% pe KAWVOUG pe TTpoéAeucn/eviommopud Xwpeg TNG TTpwnv Z.E. Av 1a
dnuUoypaPIkG dedopéva NTAV ATTOAUTWS CWOTA, BEV QaivovTav va UTTAPXEI
N UTTAPXE MOVO HIKPH SIaoTTOPA TOUG aTTd TOUG EEVOUG OTOUG YNYEVNC.
Quoikd, 6TTwG OAEG AUTOU TOU €iBOUG 01 HEAETEG, ATTOTUTTWVEI JId
«QwToypagia» Tou TTPORAAUATOG 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
Sipfgle 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 yovISIwuaTog pag divel TV duvaTtdtnTa va
€XOUME TNV atrOAUTN €IKOVA TNG YEVETIKAG TTOIKIAOMOPPIAG JETAEU TWV
oteAexwv. Me Tic peBoddoug Tou NGS utropei va yivel TTAéov «Molecular
marker» OAo yovIdiwpa Kal N oUYKPIoN METAEU TV OTEAEXWY PTTOPEI va
yivetal ye avdAuon wgSNPs (whole genome Single Nucleotide
Polymorphisms). 21eAéxn pe TN pIKpOTEPN did@opa o SNPs ptTopouv va
BewpnBouv 611 avrikouv 0To id10 cluster kal TBavwg deixvouv PHeTadoon
METOEU TWV aoBevwy aTTd TOUG OTTOIOUG AUTA aTTOPOVWONKAav.
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WGS provides added resolution by
spigtpns | wf expanding coverage of the
genome to about 90%), compared

L ) to the 1% covered by Spoligo &
S viss MIRU/VNTR typing

(1% coverage) (90% coverage)

wgSNP analysis

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

SNPs relative to H37Rv are identified ATE EEE o JeencT

Uninformative and unreliable SNPs are filtered out to [EEEITSERRTN
produce a list of “high-quality” SNPs toH37RV L
out

* SNPs due to
assembly errors

* Low confidence
SNPs

High-quality SNPs are mapped onto a
phylogenetic tree Q/O
e}

{ SNPs in allisolates
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2tnv TPaén tTaipvoupe TAnpogopia atré ~ 90% Tou yovISIWPATOG, YIOG
KAl a@aipouvTal TTEPIOXEG OUOKOAEG Yo dAAnAouXOTTOINGN, OTTWG TT.X.
QUTEG PE eTTavaAapBavoueva OToIxXEia. & axéon Pe TNV TTANPOPOopia TTou
UTTApXE! 0TO ~ 1% TOU YOVIOIWMPOTOG TTOU aVvOAUETAl UE TO SpoligoTyping
kal Ta MIRU/VNTRS n dia@opad cival Quaikd tepaoTia. O1 aAAnAouyieg TTou
TTaipvoupe avtimapaBdaAAlovTal ge TRV aAAnAouxia OCUYKEKPIPNEVOU
oTeAEXOUG ava@opdg — Tou H37Rv - evrotriCovtal Ta SNPs,
«&ekaBapifovrary Ta akatdAAnAa (11.X. SNPs Adyw tmOavAg XapnAig
agIoTTIoTiag KaTd TNV aAANAOXOTTOINON) Kal 01 UPNARG TTIOTOTNTAG
TTOAUPOPQPICHOI XPNOILOTIOIOUVTAI VIO VA OTTOKOAUPOOUV O QUAOYEVETIKEG
OUOXETIOEIG.
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MR

ca
(TATecToSCAS Isolates are shown as

circles
Isolates with the same
genome type are
displayed together in

/ one node

e Lines conecting nodes
U are labeled with number

7

TAATG GAG 14 ) ) of SNPs
TosTe ae 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)
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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 dedopéva uTTopoUV va atToTUTTWBOoUV (Kail) JE TRV HOP®H TTOU QaiveTal
otnv dlagaveia. O KABe KUKAOG avTIoToIXEI O€ éva TTEPIOTATIKO. [MoAAG
TTEPIOTATIKA YE TOV iDI0 YOVOTUTTO TTEPIKAEIOVTAI ATTO €va PJEYAAUTEPO
KUKAO. Ta TTEPIOTATIKA OUVOEOVTAI UE YPOAUUEG, ME HEYEBOG avaAoyo Tou
apiBuou Twv SNPs katd Tov oTToio dla@épouy (0 apIBUOS avaypageTal
TTAVW OTNV YPapun). ‘Eva uttoBeTIKG yovISiwua/oTEAEXOG OTTO TO OTTOIO
E€xouv TTPoEABEI OAa Ta oTeAEXN Tou BévTpou (Most Recent Common
Ancestor) xpnOIJOTIOIEITAI WG ONUEIO AVOPOPAS VIO VA ATTOTUTTWOEI N
KaTeubuvan Twv YEVETIKWY aAAaywv. lMepIoTaTIKA PE TOV iB10 YOVOTUTTO N
MIKPO apiBud SNPs Bswpouvtal &1 aviKouv o€ KAWVIKI d1acTTopd Tou
idlou oTeAEXOUG. ETTe1dr) Ta SNPS 010 gUVOAO TOU YOVIDIWPATOG
eM@avifovtal o ouxva atro Tl ol aAAayEG o€ markres OTTwg TT.X. Ta
MIRU-VNTR TiBeTan 10 epwtnua ota Toca SNPs TTpéTrel va utrel To cut-off
yla va BswpouvTal dUOo TTEPIOTATIKA WG KAWVIKA OXETICOPEVA.
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Articles I

Whole-genome sequencing to delineate Mycobacterium >@ S
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 Va
UTTOAOYiIOOUV TOV PUBUG PETAAANOLOYEVEONG KAl TNV OXEON PMETALU KAWVIKA
oXeTiI(Opevwy oteAexwv. Métpnoav Tov apiBud Twv SNPs petagu
CeuyapIwV OTEAEXWV TTOU aTTodovwenkav atrd 1o idl1o aoBevry aAAd atrd
OIAPOPETIKA AVATOPIKA anueia 1 atrd Tov id1o acBevr) aAAd o€ BIAQOPETIKA
Xpovikd diaoTthpara. ETriong atmd oTeAEXn ammopgovwuéva atro dUo N
TTEPICOOTEPA KPOUOHATA EVTOG TNG iDIAG OIKOYEVEIAG KAl TEAOG ATTO OTEAEXN
OIAPOPETIKWV A0BEVWV TTOU OUWG ETTIONUIOAOYIKA aAAG Kal e avaAuon
MIRU-VNTR oyxetiovtav. O1 dUo TeAeuTaieg katnyopieg acbevwv ATav
QUTEG OTIG OTTOIEG N KAACIKN ETTIONUIOAOYIQ KAl Ol TIPONYOUUEVEG
YOVOTUTTIKEG TTPOCEYYIoEIC Bewpouaav OTI 0 Evag aoBEVAG €iXe HETABWOEI
TNV vooo oTov dAAo. Me Tio 1oxupn BEBaia TNV €TTIONMIOAOYIKA CUCXETION
OoTa €VOO-OIKOYEVEIOKA TTEPIOTATIKA.
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*Estimated rate of change in DNA
sequences 0-5 single nucleotide
polymorphisms (SNPs) per genome
ey per year (95% CI 0-3-0-7) in

= longitudinal isolates.

330

*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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Mtrépecav £T01 va EKTINAOOUV ToV puBuod TnNG peTaAAagoyéveonc oToug 0.5
TTOAUPOPPICHOUG ava £TOG avd YovIBiwuad, ETIRERAILVOVTAG TNV MEYAAN
YEVETIKA 0TABEPOTNTA TTOU EP@avilel TO pukoBakTnpidio. Ta {euyn Twv
oTeAEXWV aTTO TOV id10 aoBevi ) aTTO £VOOOIKOYEVEIOKH dIAOTTOPA
diEpepav oe Aiyotepa atrd 5 SNPs kal TTavTws 600 CUCXETICOVTAV PETAEU
Toug 070 id10 MIRU-VNTR cluster, o€ Ox1 Trepioodtepa atmo 12 SNPs. H
MEAETN auTr £€Be0€ Kal Ta OpIa TTOU XPNOIPoTToIoUVTal Yia va BewpnBouv ot
Ouo OTeAEXN OXETICOVTAI KAWVIKA Kal €ival ouviBwes Ta <= atmmd 5 SNPs kai
TAvTwG TTavta <= a1d 12 SNPs. Xwpic B¢Raia autd va BewpouvTal Ta
TEAEIWTIKG 1] atTOAuTa.
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Meehan CJ et a/. 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 oTeAeXwV TTOU atTogovwenkav oto Kovyko Kail n oTroia
xpnoigotroinoe wg gold standard Tnv avadAuon pe WGS yia va dIEpEUVNOEl
TToI0 €ival n SIOKPITIKA IKAvVOTNTA TwV NEBOdWY Spoligotyping kai
MITRU/VNTR katéAnge 01O CUPTTEPACHA OTI N YEV TTPWTN UTTOPEI VA
dlakpivel yeyovoTa TTou iowg ouvéBnaoav 200 kal Xpovia TTpiv ) & deUTePN
TTPIV 3 KAl OEKAETIEG. AVTIBETA XPNOINOTTOILVTOG WG cut-off Ta 5 SNPs
EKTIMABNKE OTI TTOPOUNE VA «OOUNEY YEYOVOTA PETABOONG METAEU
aoBevwyv 10 kail xpdvia mpiv. Kal akéun o mpéoeara ota ~ 4 xpdvia av
MEIWOEI 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

Whels Ges

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

tr ission events, includi
those involving
“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

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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YTrapxouv TTOAAEG HEAETEG HOPIAKNAG ETTIONUIOAOYIKAG avaAuonG UE TNV
xprion Tou WGS . lMapaTiBevTal evOEIKTIKA Ta dEQOUEVA ATTO Hid €€ AUTWV
yia va deixTei akpIBwg N TTOAU uwnAn dIOKPITIKA IKAVOTNTA TTOU TTPOCQEPEI
TO BAB0OG TNG avaluong ue WGS, TTou OTnv TTPOKEIPEVN TTEPITITWON
ouVvOUAOTNKE KAl PE TN KAAOIKN TIONMIOAOYIKE dlEpeUvNON. 2TEAEXN TTOU N
avaAuon pe MIRU-VNTR T1a katétaocoe oT0 idI0 €TTEI0ODI0 KAWVIKAG
EMONUIKAG £€apong, atrodeixOnke OTI ATAV ATTOTEAEOUA TNG SIACTTOPAG
OUO JIaKPITWY KAWVWY, HE OXETIKA TTPpOC@aTo, BERala, TTpdyovo, TTou
dlaoTreipovTav TTapAAANAa Katd Tnv idia Xpovikr TTEPIod0 TWV 3 ETWV TTOU
KpAatnoe n emodnuikn £€apon Toug. O cuvdUAO OGS TWV YOVOTUTTIKWV
O0eBOUEVWV PE aVAAUCN TWV ETTAPWY TWV a0BEVWY, UTTEDEIEE Eva
KOIVWVIKO-0IKOVOUIKO TTapAYovVTa w¢ UTTAITIO — TNV augénon TG Xernong
KPOK OTNV OUYKEKPIYEVN TTEPIOXNA KAl TTEPIOOO KAl TO AVTIOTOIXO «OiKTUO»
XPNOTWV/BIOKIVATWY KOl CUYXPWTICHOU YIa XPrion - KAl aTToOKAAUWE dUo
daropa cav Tn mOavr) TNy TS dIaocTToPAS KABE KAWVOU Kal Ta OTToia
«€dpaocavy» oav superspreaders . Ta dedouEva auTd TTou TTPOEPXOVTAI OTTO
avadpouIKh JEAETN deEiXvouv Kal TNV dUvaUN TTOU PTTOPEI Va £XEI N HOPIAKA
emonuIoAoyIkA diepelivnon YeE TV Xprion Tou WGS, e1reidn a) e1avel 010
aTTOAUTO TNG AVAAUTIKAG IKavoTnTag Kai BERaia B) étav douAelEl, o€
TTPAYUOTIKO XPOVO, Kal OXI avadpOoMIKA, UTTOPEI va KaBodnyAoel
TTPOANTITIKEG TTAPEUPATEIG, VO aVIXVEUOEI £YKaIPA VEQ KAWVIKA OXETICOPEVA
TTEPIOTATIKA, VA BPEI KAl VO «OTTACEI» TNV aAuCida TnNG HETAdooNng
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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.
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Na TEAEIWOOUUE PE TNV EIKOVA OTAV dlIaQAVEIQ TTOU OEiXVEl TNV JopPn TTou Ba
TTAPEI — KAl NON O€ OPICUEVEG XWPES EXEI TIAPEI — N POr) TNG OOUAEIAG OTO
dIayVWOTIKO EPYQOTAPIO, WE TNV EI0aywYH Twv peBodoAoyiwyv Tou WGS kai Ta
AVOUEVOPEVA OQEAN TNG TOOO OTN KAIVIK TTPAEN 600 Kal TV dNPOCIa UyEid.
MeTd Tnv BeTIKOTTOINON OAIlYORUEPNS UYPAS KAOANIEPYEIAS TOU KAIVIKOU
dciyparog, e€ayetal To BakTnpiako DNA kai yivetal WGS. H aAAnAouyieg pe 1o
KatdAANAo Aoyiouiké avtirapaBaAlovral Je 1o yovidiwpa avagopdag
TTpoTUTTOU O0TEAéXOUG MTB. H avdAuon TnG YEVETIKAG TTOAUPOP®PIOG TTOU
QATTOKOAUTITETAI - JE TNV HOP®PN TwV WGSNPS — g Tnv Xpron Twv KatadAAnAwv
Baoewv dedopEvwy divel TTANPOPOPIA YIA TNV TUTTOTTOINCN TOU OTEAEXOUG, TV
€vtagn Tou ] OXI € KATTOIO ETTEICOBI0 ETTIONUIKAG OIACTTOPAS OCUYKPIVOUEVO E
TA TTPONYOUHEVA OTEAEXN OTNV BAcn dedouEvwy Kal TEAOG KaBodnyei TNV
KAIVIKA TTPAEN yia e€aTopIikeupEVn BepaTTeuTIKA aywyn, oTnpI{OuEVN OTNV
evoeXOUEVN TTapouaia JETAANAEEWY TTOU EVEXOVTAI OTNV AVATITUEN avTOXAG O€
A/D.



