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The Characteristics of Epdemiology
on W/Beijing lineage
Mycobacterium tuberculosis isolates
in Changping, Beijing

Li weimin

Beijing Tuberculosis and Thoracic Research Institute

Background

* Recently it was identified some large sequence
polymorphisms (LSPs) through microarray approaches.
Most of LSPs are of unique event polymorphism (UEP).
Thus these LSPs not only were used to class
Mycobacterium tuberculosis, but also to investigate the
M.tb phylogeny.

Peter Small et al analysis the global M.tb (875 strains) by
twenty LSPs and demonstrated that global population
structure of M.tb is defined by six phyogeographical
lineages, each associated with specific human populations.
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In 2003, Kristin Kremer had renamed Beijing Genotype
M.tb into Mycobacterium tuberculosis Beijing/W lineage.
Beijing/W lineage belonged to East Asia lineage. Our

“research found , besides the other lineages, the Beijing/W
lineage was dominant (64.9%) in china. Consequently the
Beijing /W lineage can be futher subdivided into at least
two subgroup by LSPs (LSPs also called RD region of
difference) C
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« Chang ping was one of districts of Beijing, and lies its
north.There are 1,320,000 population and 130 TB cases
every year. In addition, like other districts, the TB
incidence has potential increasing danger because of
immigrant and TB drug resistance.




: Object ~ Materials and Methods

* Three hundreds thirty-six M.th isolated strains were collected in

* Descript the phylogeny tree of Mycobacterium mberculosis on succession from first Jan 2004-31® December 2006 in Changping,
Changpin, Beijing. : Beijing. .

* Analysis the associations of sub-groups of Beijing/W lineage with .« Beijing lincage M.tb was defined by Spoligo':yping and RD10S using
patient’s drug resistance, place of birth, BCG vaccination and ageA Real Time-PCR .

+ In a word, we hope to explored the Ch istics of Epdemiology on « Beijing lincage M.tb was further subdivided into two sub-groups
W/Beijing lmeagehlycobaaenum tuberculosis strains isolated from atypical Beijing strains and W strain/typical family strains by RD181

using Real-time PCR and by multiplex PCR method.

Changping, Beijing. - « W strainftypical family strains were finally divided by RD150 and
A RD142.

+ The associations of sub-groups (atypical Beijing strains and W
strain/typical family strains) with patient’s drug resistance, place of
birth, BCG vaccination and age were assessed by the X2 test.

Result ,
« Of 89.0% (299/336) stra.ms ‘were W/Beijing lj,.,__...,,,,_',;,:_ cErerr
lineage, and 11. 0%(37/336) were not W/Benjmg. -
» lincage by the two methods. : S -
- The identification result using Spollgotypmg and e e—— e =
Real-Time PCR. by RDlOS was consistent. _ L R _
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* In W/ Beijing lineage Mycobéctelium N
tuberculosis , 15.7%(47/299) were “old” atypical
- Beijing strains, presence RDI81.

* 84.3%(252/299) were “modern” W smnn/typlca]
family strains, deletmg RD181. o

» The identification result using 'Real-Time PCR by
RD181 and multlplex PCR was consistent. :
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» In W strain/typical family strains, 168 and 173

W = = M.th strains was deleted in RD150 and RD142
-respectively.
Conclusion Conclusion

« Descript the phylogeny tree of M.t on
Changpin, Beijing, where the W/Beijing
lineage strains were dominated.

- However the W strain/typical Beijing S
family strains were of preponderance again.

» No significatly associations of the two sub-
groups of Beijing/W lineage with patient’s
drug resistance, place of birth, BCG' -
vaccination and age. - :

- HypdfhéSis

«In Beijing‘area, W/Beijing lineage _

Mycobacterium tuberculosis,specially W

strain/typical Beijing family strains were .

dominated, and infected hosts, regardless. .
- their place of birth, BCG vaccination and

age.

Developing Myéobdcterium.

" tuberculosis Genotype in China o
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Establishment of standard VNTR TB typing

method for Beijing genotype

Ph.D.
pidemiology Division,
Mycobacterium Reference Center,
The Research Institute of Tuberculosis
- Japan Anti-Tuberculosis Association

Shinji Maeda,
Molecul .

Variable Numbers of Tandem Repeats
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Comparing the cluster rates

325 isolates were collected from whole Japan

Mothod Cluster (1)IS6770 RFLP analysis
IS6110 RFLP 41.2% (40/97) (2) Spoligotyping
VNTR '
12 MIRU " 55.7% (54/97) (3)VNTR analysis
12 MIRU +4 ETR 50.5% (49/97) 16 loci : MIRU-VNTR (12 loci)£ETR (4 loci)
19 loci : QUB (5 loci) and the other loci
1S6110 RFLP

Promising VNTR loci for genotyping of Beijing strains

Cluster rates of RFLP and spoligotyping
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Beijing type (w21)
Smittipat et al, JCM 43, 5034-43 (2005)




Distribution of copy numbers of each locus
in VNTR analyses
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Comparing of
PIC in each
locus
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Comparing cluster rates in RFLP, Supply(15)
and JATA(12) analyses
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Comparing the maximum size of cluster
in each methods
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JATA (12) -VNTR analysis of the isolates
clustering in RFLP

VNTR 4082
VNTR 3336
VNTR 1968
VNTR 4156
VNTR 2372
VNTR 0424
VNTR 2074
VNTR 299¢
VNTR 3188
VNTR 0980
VNTR 3192

VNTR 2163b

1S6170 RFLP pattern
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Conclusion

{1)By analyzing the TB collected from whole Japan, 70 %
of TB isolates were Beijing genotype.

(2) The percentage of cluster rate in IS6770 RFLP was 18.5%.

(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 1S6710 RFLP and Supply (15).




China-Korea-Japan Joint Research Conference
(JATA-RIT, Tokyo, Febrary 13-14, 2002)

Population Structure Analysis of
M. tuberculosis Beijing Family
Implies Association of Certain

Sublineages and Multidrug
Resistance

Tomotada lwamoto Ph.D.
Kobe Institute of Health

Population structure analysis of Beijing genotype TB

10 sets of synonymous SNPs 1S in NTF

idered as gold dard for phylogeny 877
E(n-lss:l(ob‘onhnnhs) . : LsTé ~sT8
: ST S
w e o e o RD181 574
SN ASY S5 RGs 5T5 WSH X7 2B 's.r:
ST 2
15-VNTR (genotyping, tree by MST) ST

Diversity of Beijing TB in the population
(= 358, Kobe-Osaka strains)
Key findings:
(1)Ancient type dominates in Japan.
(2)Each sub-lineage consists diverse
=_,._ Clones identified by 15-VNTR.
(3)BJ -TB in Japan seems to become
\ endemic separatety from recently
S observed global trend, i.e., modem
) type d the

Pop

Do individual sub-lineages have evolved
unique pathogenic characteristics ????

- Genotypic approach
Comparative Genomic Hybridization
{ By Dr. Wada and Dr. Maeda )

- Phenotypic approach
Evaluating spontaneous mutation rate
( By S. Yoshida )

» Molecular epidemiological approach
Association of each sub-lineage with drug resistance.

Study design

Strains.

188 drug susceptible (DS) strains (Jan 1, 03 - Aug 31, 03)
97 multidrug-resistant (MDR) strains(Jan 1, 01 — Dec. 31, 06)
(47 extensively drug-resistant (XDR) strains are included)
All strains obtained from individual patients at one hospital.

Genotyping.
Supply’s 15-locus VNTR.

Phylogenetic analysis.

- 10 synonymous single nucleotide polymorphisms (SNPs).
- Large sequence polymorphisms (RD181, RD150, RD 142).
- 1IS6110 insertion in NTF region.

- 4 SNPs in putative mismatch repair genes.

Kobe-Oxaka ( n= 356 ) TR SN TR ET

M(n-w).

Frequency of occurrence of DS-, MDR-, XDR-TB

Based on No. of patients

DS-T (n = 150} EESTEEINNN
MDR.TB {0 = 87 ) NS
XDR-TB{n=47) ] ’
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Based on No. of genotypos
on-gomg

OS-T8 (n=188)

MDR-TB(n =97}

XDR-TB {n=47)
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MST based on 15-VNTR of ST4

What is a driving force for overabundance of
MDR / XDR TB in certain sublineages ?7??

- Any genetic event ?

Mutation in the mismatch repair genes has been
hypothesized to enhance the ability to acquire drug
resistance ( by Rad, et al. EID 838-845, 2003 )
->Putative mismatch repair genes ( 4 SNPs )

+ On-going transmission ?

->Clustering rate

SkatG $315T mutation ( maintain transmissibility )
The prevalence is high in countries with a high
prevalence of MDR-TB

- Clonally evolution ?
-> Clinical & demographic data, diversity in genotype




Association of DNA repair genes with drug resistahce

No. of strains__Putative mismatch repair genes LSP

SSNPS “5S MDR XDR mufT2 mufT4 ogt(12) ogf(37) RD181 RD150

ST 1 1 0 O wt wt wt wt + +

ST8 9 10 4 Mt Mt Mt wt: - +

-No discrepancy in the process of accumulation of mutations
between DS- and MDR-TB. .

-The mutator phenotype does not appear to increase
prevalence of drug resistance.

Clustering rate and katG S315T mutation
No. of clustered strains / total (%)

Clinical and demographic data

ST No. MDR/ Average Age Ratio of Male New Cases %
No.DS-TB . DS MDR DS MDR DS MDR.

2 22/9 549 546 70 818 90 @

3 B/30 . 588-591 733 75 767 -25

4 34/44 57.2 58.8 75

8 10/9 542 558 556 90 100 20

Green: XDR-TB




Localization and Global
Standardization of
(VNTR) for TB
Takayuki Wada

Department of Microbiology,
Osaka City Institute of Public Health
and Environmental Sciences

Variable Numbers of Tandem Repeat

Beijing family strains have been

endemic in East Asia.

Beijing family strains are difficult to
analyze their genotypes.

-spoligotyping

-RFLP

High discriminatory power
even in Beijing family

Difficulty of comparison

Beijing strains were
almost identical.

Same or Different ??

o- -
Lo . -
~ g ;::" ‘ Parcwrt of TB 38 © Beung irans. ////
| " e,
Emeryg Infect Dis 8:843-9.
VNTR genotyping for TB

Phylogenetic tree based on VNTR by

minimum spanning tree (MST)* is reliable. (1)

minimum spanning tree (MST) is reliable. (2)
*What's MST? Supply et al.,
*A graphic algorism to reconstruct phylogenetic trees. JCM, 44 (12): 4498-510
*MST reconstructs a tree that connects all genetic )
profiles in such a way that the summed genetic distance LAM . = M. protecubercaiods
of all branches is minimized. 1\ ¥
Py : HITRVRs. | .
(similar to maximum pulmonary method) _‘/ﬂv-:‘ Ghess M.} . copee
cumrii X TR s T
Ty R Tl
— AN . - S
A T M. micredi
i N N T
s FW
5 ;A,
.l (VNTR: Supply’s 24 loci)

Phylogenetic tree based on VNTR by




Phylogenetic analysis based on VNTR by -
minimum spanning tree (MST) is reliable. (3)
Branch2 :

Branch3

ST of strains
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(VNTR: Supply’s 15 loci)

Standardization of VNTR loci for
Beijing family strains is still confusing.

Authors Year Area Analyzed loci
Banu et al 2004 Bangladesh MIRU (12)
Sunetal 2004 Singapore MIRU (12)
Mokrousov et al 2004 Russia MIRU (12)
Kremeret al 2005 Hong Kong MIRU (12) + ETR + HV
Surikova et a} 2005 Russia MIRU (12} + ETR + HV
Kam et al 2006 Hong Kong ETR + HV
Nikolayevskyy et al 2006 Russia MIRU (12) + ETR + HV
twamoto et al 2007 Japan (Kobe) Supply (24) + HV
Yokoyama et al 2007 Japan (Chiba) Supply (24) + HV
Wada et al 2007 Japan (Osaka) MIRU (12) + ETR + HV
Millet et at 2007  Japan (Okinawa) MIRU (12) + HV
Jiao etal 2008 China Supply (24) + Mtub29

Localization
VS

Global
standardization

The population structure of Beijing family
seem to be specific to each area.

-{ RD210 } >
I-‘ RD181 |- Ancient Beijing

RD142 Japan 80%
Other countries 30% |

» Modern Beijing
Worldwide
emergence
The ancient Beijing family strains
has been predominant in Japan.

The specific population structure can
effect the diversity of certain VNTR loci.

1) MIRU10 2) QUB4156
100%
h=045 h=0.48
Ancient A
Beijing
z U .,u "
e .32 . 345 __C ——-
g- 100%
@ h=0.28 h=0.08
w Modern
Beijing
i 0%
123 : 345

Number of units Number of units

Global spandardization is essential for

international comparison.
N '

Korea & Japan
Transmission? cj

Ancient Beijing : Modeh Beijing
2 )

~{ Global transmission? }

-p-m=-=-

é Mongol (8)
®

. ranch 4
K-family strains (20) Elna/ﬂ'ongol




The accurate calculation of
VNTR units is the mg

Correct data ver.

® Osaka_Homeless (218)

The accurate calculation of
VNTR units is the most important. (2)

Incorrect da e;\
® Osaka/Kobe (k;)'-. N

® Osaka_Homeless (X
(Mtub21 +1 calcula

Quality control for VNTR genotyping (1)

-Agarose gel electrophoresis
(MIRU16)

M1 2 3 4 5 total

(MIRU39)

0 O O 0 0 O e 0,

L4
e
w
=
-
-
-

S B SHRUREE
SR RRT) G

Specific markers are recommended to
determine VNTR genotypes.

Quality control for VNTR genotyping (2)

-Capillary (or a sequencer) electrophoresis

o o

A table for calculations of number of units from
the size of PCR products is useful.

International comparison and phylogenetic
analysis of VNTR genotype will lead to...

1) Detection of transmission of TB isolates
among countries (Epidemiology).

2) Finding specificities of genetic population
structure of pathogens (Phylogeography).

3) Study for adaptive pathogenesis to the
specific host population (Pathology).

{ Global standardn_i

(undiscriminable
loci in local areas)

For Beijing family,

m Supply’s 15 VNTR

{seems to be enough for
international comparison!!)

(common loci)

JATA(12) (8 common loci
and 4 additional loci)

(high discriminatory
loci in each area)

Hypervariable loci
such as Q11a, 3232,...

Appropriate loci for
each population

Loci for local use ;




2nd Meeting for researchers in charge of
tuberculosis molecular epidemiology
in Japan, China and Korea

(1) We show information of primers that we use
(2) Confirm the definition of copy number in each locus
(RIT provides the table of the copy number of H37Rv)

(3) We provide the 4 kinds of DNA for quality control

{1)We show information =
of primers that we use [~
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(2) Confirm the definition of copy number in each locus
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{2) Confirm the definition of copy number in each locus (2}
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(3) We provide the 4 kinds of DNA for quality control
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We plan to hold next meeting in Nov, 2008

Please analyze many TB Isolates In for country by VNTR analyses.

19 loci :Supply (15) that reported in 2006 and 4 original loci in JATA(12)

We can analyze the phylogeny of TB in next meeting
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DONTEREZBEXREL., TRERZEHT
DI EEHELT,
1. FRATRISORE
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2. HBROWE
ESEBEEHFEE ¥ —, ESRREER
TRBE. BETHSEMAEFT» . BREK
SEEEREINE LTz,
3. '/ X DNA O#it
7"/ . DNA OffiHiX, Ausubel HDFik
( Current protocols in molecular biology.,
1998) IZT1€- 77,
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