Hypothetical phylogenetic tree

MST (Minimum Spanning Tree)

MST for 46 Clinical Strains

By BIONUMERICS ver 4.6
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Suggestion

= Can we selected 6-10 “core” VNTR loci
which have high discriminatory power in
China, Japan and Korea to genotype and
compare clinical strains in these countries?
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Tuberculosis (TB) in China

® China has the world’s second largest TB epidemic, with
more than 1.3 million new cases of TB every year.

® More than 400 million people were infected with M.

tuberciilosis.

B Of the 37 notifiable communicable +ﬁ1
diseases in China, TB ranks first in
terms of reported cases and
deaths,

WHO Report 2008

MDR TB in China

® (China had the largest number of multidrug-resistant
(MDR-TB) cases (139,894 in 2004). equaling a third of

the entire world’s MDR-TB cases.

® The prevalence of drug resistant TB in China was high.
In some provinces:
Prevalence of MDR-TB in new cases > 10%

Prevalence of MDR-TB in retreatment cases > 30%

MDR and XDR TB in
Shanghai, China

Shen Xin, Mei Jian

Shanghai Municipal Center for
Disease Control and Prevention
(Shanghai CDC)

January, 2009

Outline

s Tuberculosis (TB) and drug resistant TB
in China

s MDR and XDR TB in Shanghai

= Summary




Objectives

» To determine the number and percentage of
TB patients in Shanghai with MDR and XDR
TB,

m To determine whet there is transmission of

MDR and XDR strains of M. tuberculosis in
Shanghai.

Methods

TB Cases in Shanghai, 2008

Population (million)  Pulmonary TB Cases

s Total 17-18 40

Incidence rate: 40/1

s Residents

te: 28.4/1(

ELE]
l._.-

Incidence rate: >70/

XDR TB in the world

cumtrigs with K8 Db olows G

Lancet infectious diseases, 2008

XDR TB in China?

® High prevalence of TB, and large number of MDR TB

s-term use of second-line anti-TB drugs

.

e i

XDR-TB
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Genotyping methods

Clinical isolate:

_

Deletion-targeted

— — Multiplex PCR

[dentical _ _ Clu | 1

— Beijing Non-Beijing
VNTR-16 genotyping | | genotyping

_ Identical : Cluster |

Definitions

m New case: Patient without a previous history of TB treatment
(Primary drug resistance)

= Previously treated case: Patient who had previ
received at least 30 days of anti-tuberculosis treatment any time
during their life (Acquired drug resistance)

m MDR: Resistance to at least isoniazid and rifampin

m XDR: resistance to at least isoniazid. rifampin, a
fluoroguinolone and'one of three injectable second-line drugs
(capreomyein. kanamyein, and amikacin)

m Pre-XDR: resistance to isoniazid and rifampin and either a
fluoroguinolone or a second-line injectable drug, but not both

Simple MDR: resistance 1o just isoniazid and rifampin but
not pre-XDR TB and XDR TB

Surveillance System and Laboratory Testing

E;__J,ﬁ in general hospital _ Sputum Smear
—

Suspected or ._

Contirmed TB |
|

| Labs in district TB
hospital/Clinic

Clinical|
Isolate

Drug susceptibility testing,

Municipal TB Reference Lab Specimen Tdetification,
(TRL) at Shanghai CDC Genolyping

Drug susceptibility testing

s First-line drugs s Second-line drugs
# Isoniazid (0,2ug/ml) ® Ofloxacin (2.0ug/ml)
= Rifampin (40.0ug/ml) = Kanamycin (30.0ug/ml)
s Streptomycin (4.0ug/ml) s Capreomycin (40.0ug/ml)
s Ethambutol (2.0ug/ml) Amikacin (40.0ug/ml)
Para-aminosalicylic acid
(1.0ug/ml)




Treatment outcomes of MDR TB patients

Simple MDR  Pre-XDR X Total

n=1090"%) n=55( = n=175 (%)

Cured 62(56.9) 29(52.7) 1(9.1) 92(52.6)
Completed treatment 3(2.8) 2(3.6) (1] 6(3.4)
Died during treatment 6(5.5) 5(9.1) 1(9.1) 12(6.9)
Still on treatment 30(27.5) 14(25,5) 8(72.7 51(29.1)
Lost to follow up 1(0.9) 1(1.8) 1(9.1) 3(L.7)
Moved/transferred 7(6.4) 4(7.3) 0 11(6.3)

Treatment outcomes of MDR TB patients, stratified

by new cases versus previously treated cases

Treatment  No treatment
SuUCCess SuUccess
n=9% n=79 (OR)

Odds ratio  95% ClI P

XDR

New 0(0.0) 6 ( 100)

Retreatment 1{20.00 4 80.0)
Pre-XDR

New 23(71.9) 9(28.1)

Retreatment 8( 34.8) 15(65.2) - (1,3, 17.8)
Simple MDR

New 47(71.2) 19(28.8)

Retreatment 17(39.5) 26(60.5) 4 (1.6,9.2)
Total

New 70167.3) 34 (32.7)

Retreatment 26 (36,7) 45 (63.3) : (1.8,7.1)

Results

Cases with a positive sputum 1
culture results during 2004-2007: MH:Qu\ tOﬁﬂ_mﬂ—OS

124,563 Excluded cases without a drug
—————— | susceplibility test results: n=95

" Cases with drug susceptibility
test result: n=4 568

.. — 17— [ Exclided MOTT: n=189

_ Ommmm__..__mnwmn_s__:
| M. tuberculosis. n=4,379

J Non-MDR TB: n=4,132

_ MDR TB cases n=247 (5.6%) _ .

Cases whose MDR TB isolates
were not avallable: n=4,132

MDR TB cases whose isolates

were available: n=175
_1|; Non-XOR TB: n=164

— XDR TB cases: n=11 (6.3%) _

Characteristics of MDR, pre-XDR and
XDR TB patients

Characteristic All MDR Simple MDR PreXDR XDR
n=175(%) n=109(%) n=55(%) n=11(%)

Ape (years)
15-29 35(20) 24(22 11(20) 1]
J0-44 53(30.3) 37(33.9) 13(23.6) 327
45-39 57(32.6) 26(23.9) 23(41.8) 8(72.T)
60-74 20(11.4) 14(12.8) 6(10.,9) U
>75 10(5.7) 8(74) 2(3.6) 0
Sex
Male 132(75.4) 84(77.1) J8(69.1) 10{90.9)
Female 43(24.6) 25(22.9) 17(30.9) 1{9.1)
Treatment history
New 105(60) 6%63.3) J(54.5) 6(54.5)
Retreatment TiK40) 40(36.7) 25(45.5) §45.5)
Siatus
Resident 112(64) T0(64.2) J4(61.8) B(72.7)
Migrant 63(36) 39(35.8) 21(38.2) 321
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Genotypes of M. tuberculosis

m 87.3% (165/189) of the MDR isolates and
90.9% (10/11) of the XDR isolates were
Beijing genotype strains.

m Among 175 MDR, 4 clusters were identified,
each with 2 different patients. But no
epidemiological links were detected. None of
the isolates with XDR were in a genotype
cluster.

Summary

® 5.6% of the TB cases were MDR in Shanghai.
m 6.3% of the MDR TB were actually XDR.
= >50% MDR and XDR TB patients were new
cases.
New cases have better treatment outcome than
previously treated cases.
Ongoing transmission of MDR/XDR
occurred in Shanghai.




325 isolates were collected from whole Japan

(1)IS67170 RFLP analysis
(2) Spoligotyping

(3)VNTR analysis

16 loci : MIRU-VNTR (12 loci) and ETR (4 loci)
19 loci : QUB (5 loci) and the other loci

Comparing of
PIC in each
locus

t am
(]
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Promising VNTR method (JATA[12])
for Beijing family in Japan

Shinji Maeda, Ph.D.

Molecular Epidemiology Division,
Mycobacterium Reference Center,

The Research Institute of Tuberculosis
Japan Anti-Tuberculosis Association

Comparing the cluster rates

Method Cluster

1IS6110 RFLP 41.2% (40/97)

VNTR
12 MIRU 55.7% (54/97)
12MIRU +4 ETR 50.5% (49/97)




VNTR profiles in case of coincidental occurrence y y
(8 cases, 20 isolates) TB genotyping in Japan

&h.r.r.ﬁﬁ T (1) By analyzing the TB collected from whole Japan, 70 %
; SRR of TB isolates were Beijing genotype.

s ... (2) The percentage of cluster rate in IS6710 RFLP was 18.5%.

e (3) We established new promising loci of VNTR analyses
for Beijing strains.

The discrimination power of JATA(12)-VNTR analysis is
higher than that of IS6770 RFLP and Supply (15).

Application of the JATA(12)-VNTR analysis to clinical

JATA(12)-VNTR analysis of MDR-TB TB isolates

3122 TB strains were isolated from all over Japan The infection by the identical strain was doubted
in 2002. 55 TB strains in 3122 were made a by contact investigation.
diagnosis as MDR-TB 25 cases, 74 isolates

_
(1) 1S6110 RFLP |

(2) VNTR The same RFLP pattern The different RFLP patterns
~JATA (12) in each case (coincidental occurrence)
. m_._ﬁ_u_< 3 mu 17 cases, 54 isolates 8 cases, 20 isolates

The same JATA(12)-VNTR The different JATA(12)-VNTR
profile in each case profile
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Cluster Gand H

phylogenetic tree analysis of MDR-TB (55 isolates)
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Population based molecular epidemiology analysis
by JATA(12)-VNTR

Methods Cluster formation (%)
IS6770 RFLP 36.8% (53/144)
JATA(12)-VNTR 48.6% (70/144)

Supply(15)-VNTR  51.4% (74/144)

12
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Distribution of copy numbers in VNTR analyses

Comparing the clustering rates

(Except for MIRU and ETR)

147 TB isolates from Tokyo area (Jun., 2003 and Nov., 2004)
Copy mante! of repettive unigy)
- o 1 T 1 4 L] ] Y L] L] W M 171 N U %o L= gm”:onw O—CWﬂQ* hgu
.uw._gw‘_‘a» L] " o ] 1 ri 0 20 W N 13 L] T 1w as
b
ﬁuﬂh.:o. 3 ' B s 3 M 3 ™ oW 8 1 1 [ ansr 156710 RFLP M7
(um12) P B w1 oM 080 VNTR
@82y ' U oou Supply(15) 483
(Qusze 2 8 % 8 15 BT oM oIeoW o s om0 Supply(24) 422
jrees 3 0 u oW 3 4 . 2 e
2 gEra@muaa s o VNTR7 422
ar 7
Hu.m. t 3 - - ”"-.“ (V3820, Q11b, Q26, M26, Q18, V1955, Q11a)
s '3 B ow moe®w ® wrowos 7 :: 1 om VNTR-16 31.8
2 $ L At sEAN L aul et & (VNTR-7+Q4156, Q1895, M31, E-F, V0424, M10, V2074, M39, M16)
4158 1 12 - B ™ w e
[ 1 "N o4 a8 JATA(12) 46.9
a7 1 u L - 1 a1
1kl 1 a e 3 asa
e L] 7 8w n ? ’ Q40 13

. Comparing of — i Do
Conclusion PIC in each ” s
JATA(12)-VNTR analysis locus : .
(1) In the analysis of the mass outbreak suspected case, ..
JATA(12)-VNTR have a enough discrimination power. i g R
(2) The discrimination power and frequency of changing ” .
the copy number are depend on the locus. 5 T
(3) For population base molecular epidemiology analyses, : :
several additional loci need to be analyzed. ® X -
16 ot . 14

FIC M haw T 100 Brartety o S1 Ba LRSS B A W M e Wehees
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1. Phylogeographic analysis of

BJ family Phylogenetic analysis and VNTR
genotyping for Beijing family in Asia
2. Phylogenstic information of 8J
family from VYNTR data
3. VNTR analysis for Takayuki Wada
phylogeographic understanding of
8J family in Agia

Department of Microbiology,
Osaka City Institute of Public

Health
and Environmental Sciences

Phylogeographical analysis of
M. tuberculosis

1. Phylogeographic analysis of
BJ family

2. Phylogenetic information of BJ
family from VNTR data

3. VNTR analysis for
phylogeographic understanding of
i BJ family in Asia

Gagneux S, et al. (2006)
PNAS 103(8), 2869-73
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Various genetic characteristics
provide phylogenetic information

_._ RD181 “ » Ancient Beijin
(Atypical)
- - - [ Insertion of 156110 in NTF |- - - - = = = = -~

IEI' Worldwide

emergence

What kind of Beijing family strains
has been predominant in Japan?

Phylogeographic distribution of
the BJ family M. tuberculosis

Countries (areas)
JP BJ HK VN RU ZA

Phylogenetic distribution

80 5 14 25 5 1.5

(anclent) .

- {Insertion of IS IN NTF |- = = = === === === === — -

(modern)
E 20 95 86 75 9598.5

Phylogenetic analysis by
SNP (Single Nucleotide Polymorphysm

30 )
semiZ? M. bovis

29 —m—,
A K e

—
Beijing o8
Mwo. 22
m%.o 17
505
037.%
i - 13
. 43
Strain C 01544 5% 40
3902 o 55 sHaarlem ~

Filliol, et al. (2006)
J Bacteriol 188(2), 769-72

g9

Phylogenetic tree of
the BJ family M. tuberculosis

Outer group

«—1RD181 deletion |

[NTF/1S6110 insertion |

Ancient
IIIIII (Atypical)

——allfe=U0IJN[OAT
—

[RD150 deletion| (Typical)




Phylogenetic tree based on VNTR by
minimum spanning tree (MST)* is reliable (2)
*What's MST?

+A graphic algorism to cluster similar types.
*MST reconstructs a tree that connects all genetic

profiles in such a way that the summed genetic distance

of all branches is minimized.
(similar to maximum pulmonary method)

2
‘ 6
1 2 ._8

Phylogenetic analysis based on VNTR by
minimum spanning tree (MST) is reliable (3)

Branch?

Branch3
o S ] S

SNP types

.._ ® S

cee

nwnn

————
onnjo43

o ~lon s wl

0w
——

/- Trunk1
Wada et al. FEMS (2009)

<

1. Phylogeographic analysis of
8J family

2. Phylogenetic information of BJ
family from VNTR data

3. VNTR analysis for
phylogeographic understanding of
BJ family in Asia

Phylogenetic tree based on VNTR by
minimum spanning tree (MST) is reliable (1)

Supply et al.,
JCM, 44 (12): 4498-510
'
1 _—S . M. profotubereulosis
HITRYRs. ./ m..u.in.- . hans -.._\.__.En -
“ corvs
ﬂ.-.ﬂ-iuamlx g o et
9 H —4
- niv wac_a.«\w \f. -... " M. E.:_wa_.:.ﬂw .n_\.ar“ngm
> ....f.f ° M. microti
A AT ,m.u
: “{c L *LAM
- 5 Wl ;w.w. A
iy e .
“«..« EAl
Lt (VNTR: Supply’'s 24 loci)
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Iwamoto et al. AAC (2008)

1 TB hospital (DS isolates)
189 isolates

1. Phylogsographic analysis of
8J family

2. Phylogenestic aspects of VNTR about
8J family isolates in Japan

3. VNTR analysis for
phylogeographic understanding of
BJ family in East Asia

Murase et al. JMM (2008)
Throughout Japan
. 237 strains

@ Ancient (RD181-)

Modern ® Modem (RD150+)

wr ® Modern (RD150-)

- J/ . O Ancient (RD181+)

Wada et al. unpublished data
Homeless TB patients (2002-04)
284 isolates
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A Wada et al. (35656+48) and Jiao et al. JCM 2008
oy Mokrousov et al. JCM 2008
A Hanekom et al. JCM 2008

® Korea (80 isolates)

MST analysis can be applicable to

international comparison of BJ strains
Ancient | Modern

|}
Global transmission?

Ay % 3
1A o Oy
_Tn....\.‘..,...../ o

e .

K-family

Japan (355)

Shanghai (8)
Henan (24) _
Mongolia (8) .
K-family strains (20) _Mu_.__:&z_oaao_
=3
Ancient
O Japan
@ Russia
@ south Africa
. m China

Wada et al. (355+48) and Jiao et al. JCM 2008
Mokrousov et al. JCM 2008
Hanekom et al. JCM 2008



Next interests...

1) Which loci can be more discriminable in
each population?
(e.g. V3820 in Japan)

2) The reasons of phylogeographic
difference (genetic diversity) of BJ family
(genomic comparison, etc.)

3) Continuous observation of population
structure by VNTR in each area

Next interests...

4) Expansion of area

5) Other analysis such as MDS, coalescent
theory

Thank you for your attention !!
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Population used in this study

A total of 904 M. tuberculosis isolates obtained from
two medical centers between 2002-2007. They were
from newly registered pulmonary TB patients.

Of these isolates, 711 isolates were Beijing family
strains. The details of 904 isolates by spoligotyping
were: Beijing (78.7%), T1 (5.2%), T3-Osaka (2.5%),
T2 (2.3%), EAI2 (1.4%), LAMO (1.1%), Haarlem3
(0.8%), T3 (0.7%), others (7.3%).

Phylogenetic analysis: 15-VNTR & MST, RD181, NTF
Genotypic clonarity : 15-locus & 4-hypervariable loci
VNTR (11a, 3232, 3820, 4120)

Epidemiologic Characteristics in Japan

By o VA ppiion,
(O —

Fresabemse of (nfecises (8}

jresrsyczesarranNny

Gap between very high infection prevalence in the elderly and very low prevalence in
the younger population. (at the age of 20 50°% in 1950 vs 1 3% in 2000)

The annual risk for infection was estimated to be 4% in the 1950s and 0.05% in the
1990s (reflecting an 11%% annual rate of decrease from the 50s to the 70s),

._.smBGn_quqmnc:ﬂa_BmmmcamBmwm mmo <woﬁ:w_6:_S:E_::mw_._um:a_._.
chemotherapy, etc.) has been started in 1951

Japan-China-Korea Joint Meeting
(2009, 01. 20, JATA RIT, Tokyo)

Spatial and temporal changing in
population structure of
Mycobacterium tuberculosis

Beijing family strains

Tomotada lwamoto
Kobe Institute of Health

MTB population dynamics

0, 9% Apath lati
QDAVQ pathogen population
Q0%

infection

88 |

infection

temporary dacline of
* m ﬂ the infection

vaccinated hosts

GOG

unvaccinated hosls

population
dynamics More chance for
7 N emerging new
rd by geno type and its
Q_DAAVV¢ - S 000 0 prevalence
o

n.n_u D% ] Onw
No change Predominance of

high-fithess lineage(s)
(Drawn by Dr. Wada, partial modification)
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Population structure of Beijing genotype isolates
collected between Noom 2007 in Kobe (n=711)
& 1 // B3(n=116)

P ]
e

(n=187)

Distribution of each sub-lineages in 2002-2007

100%
S0k
80N ¢
0%
® non BI
0%
= RD
50% -m
a0% =83
BT
0%
m AL
W -
1%
o
002 2005 2007
n=115) __._u.:: __..-._qu_ (=164} Sn_m.: (n=155)

Putative evolutionary process Clustering by MS m. on
of each cluster ._m._\z..__.m
RD207 dofetion
RD181s 4_ Other lineages

RD181 defetion

B3

mutT4—=

IS Insertion in the N¥F 4
. -

/ “ Mo ._.;_.m_.a N

_____:._Qw
Phylogenetic tree by 10 sSNPs

Modern

Unigue population genetic structure in Japan, ancient dominance.

Is the structure stable ? How was the structure at the high
morbidity era, before WWII ? What change can be expected,
especially in the rate of modern type ?

Approach to predict temporal changing in population structure

Unique -
structure of Current TB -
Beijing TB population

Prediction of
15-WNTH

population
+ @ structure in c
urrent
past and .
future Sy g

—

High TB rate in
older ages
who were
mostly infected |
in the past
{during youth).

Future

Is the structure stable ? How was the structure at the
high morbidity era, before WWII ? What change can be
expected, especially in the rate of modern type ?
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