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Table 1 Parameters of 184 pulmonary tuberculosis patients identified
in Yamagata Prefecture, Japan between 2009 and 2011

Area inhabited

Parameters a b c d Total
n (%) n (%) n (%) n (%)
Total 103 6 28 47 184
Sex
Male 58 (56.3) 4 ( 66.7) 19 (67.9) 26 (55.3) 107 (58.2)
Female 45 (43.7) 2(33.3) 9(32.1) 21 (44.7) 77 (41.8)
Age group (years)
=29 7( 6.8) 0 0 2(4.3) 9( 4.9
30-39 9( 8.7 1( 16.7) 0 5(10.6) 15( 8.2)
40—-49 7( 6.8) 0 1( 3.6) 0 8( 4.3)
50—-59 4(3.9) 0 1( 3.6) 0 5(2.7)
60—-69 4(3.9) 1( 16.7) 1( 3.6) 3(64) 9( 4.9
70-79 17 (16.5) 1( 16.7) 6(21.4) 8 (17.0) 32 (17.4)
80—89 44 (42.7) 3( 50.0) 14 (50.0) 26 (55.3) 87 (47.3)
=90 11 (10.7) 0 5(17.9) 3(64) 19 (10.3)
Medical history
Initial 100 (97.1) 6 (100.0) 23 (82.1) 44 (93.6) 173 (94.0)
Retreatment 3(29) 0 5(17.9) 3(64) 11 ( 6.0)
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L, 24 #HI5 23508 D VNTR 78 % — U =K L 28 &
b7 T AV EEFE LT, 1 (Table 2 : Da03)
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Table 2 Profiles of variable number of tandem repeats (VNTRs) that formed clusters in
Yamagata Prefecture, Japan between 2009 and 2011

Cluster ~ Strain JATA (12) JATA (15) Hypervariable for international comparison *
number number’ JO1 J02 JO3 J04 JO5 JO6 JO7 JO8 JO9 J10 J11 JI2 Qlla EA QI8 32323820 4120 M04 MI16 M40 EC 30 t39
1 Ca02 4 3 4 3 4 3 7 4 5 7 83 5 4 8 14 14 11 2 3 3 4 4 3
Ca3l 4 3 4 3 4 3 7 4 5 7 83 5 4 8 14 14 11 2 3 3 4 4 3

Dal7 4 3 4 3 4 3 7 4 5 7 83 5 4 8 14 14 11 2 3 3 4 4 3
] Ea28 4 3 4 3 4 37 45 783 54 8 1414 11 2 3 3 4 4 3
2 Ca03 4 3 4 2 5 3 7 4 5 7 73 5 3 8 14 20 8 2 3 3 4 4 3
Ea04 4 3 4 2 5 3 7 4 5 7 73 5 3 8 14 20 8 2 3 3 4 4 3

Eal3 4 3 4 2 5 3 7 4 5 7 73 5 3 8 14 20 8 2 3 3 4 4 3
Eal7 4 3 4 2537 45 773 5.3 8 142 8 2 3 3 4 4 3
3 Cal3 4 3 3 2 7 3 7 4 5 710 5 5 4 10 15 12 8 2 3 3 4 4 3
Cal5 4 3 3 2 7 3 7 4 5 710 5 5 4 10 15 13 8 2 3 3 4 4 3
4 Cal4é 3 3 4 3 5 3 7 2 4 14 8 4 8§ 410 12 9 7 2 3 2 4 4 3
Cal8 33 4 3 5 3 7 2 414 8 4 8 4 10 12 9 7 2 3 2 4 4 3

Ca2l 33 4 3 5 3 7 2 414 8 4 8 4 10 12 9 7 2 3 2 4 4 3

Ca23 3 3 4 3 5 3 7 2 414 8 4 8 4 10 12 9 7 2 3 2 4 4 3

Ca25 3 3 4 3 5 3 7 2 414 8 4 8 4 10 12 9 8 2 3 2 4 4 3

Ca32 3 3 4 3 5 3 7 2 414 8 4 8 4 10 12 9 7 2 3 2 4 4 3

Da07 3 3 4 3 5 3 7 2 414 8 4 8 4 9 12 9 7 2 3 2 4 4 3

Dal4 33 4 3 5 3 7 2 414 8 4 8 4 10 12 9 7 2 3 2 4 4 3

Ea03 33 4 3 5 3 7 2 414 8 4 8 4 10 12 9 7 2 3 2 4 4 3

Eal8 3 3 4 3 5 3 7 2 414 8 4 8 4 10 12 9 7 2 3 2 4 4 3

Ea3l 3 3 4 3 5 3 7 2 414 8 4 8 4 10 12 9 7 2 3 2 4 4 3
. Ba33 3 3 4 3 5 3 7 2 414 84 § 410 12 .9 7 2 3 2 4 43
5 Cal7 3 3 3 4 6 3 7 5 5 8 25 8 4 10 16 12 8 2 4 4 4 4 3
B Ca30 3 3 3 4 6 3 7 5 5 8 25 13 410 16 12 8 2 4 4 4 4 3
6 Cal9 2 3 1 3 3 2 5 4 412 43 2 3 5 5 5 2 2 3 1 3 2 5
Ca34 2 3 1 3 4 2 5 4 412 43 2 3 5 5 5 2 2 3 1 3 2 5

Eal6 2 3 1 3 4 2 5 4 412 43 2 3 5 5 5 2 2 3 1 3 2 5
T Ca22 4 3 3 3 3 37 45 7 84 8§ 4 7 31316 6 2 3 3 7 2 4
Da02 4 3 3 3 3 3 7 4 5 7 84 8 4 7 13 16 6 2 3 3 7 2 4
8 Ca28 2 3 1 3 3 25 4 312 33 2 3 5 55 2 2 3 1 328
] DeO5 2 3 1 3 3 2 5 4 312 33 2.3 .5 5.5 .2 2 3 1.3 .2 8
9 Ca38 4 3 3 2 7 3 7 4 5 710 5 >20" 2 10 15 12 8 2 3 3 4 4 3
Da04 4 3 3 2 7 3 7 4 5 710 5 >20" 2 10 15 12 8 2 3 3 4 4 3
10 Cdo4 3 3 3 4 7 37 55 725 13 4 10 9 12 11 2 4 3 4 4 3
Da28 3 3 3 4 7 3 7 5 5 7 25 8 4 10 9 12 11 2 4 3 4 4 3
BT Cd05 4 3 3 3 3 47 3 3 5 94 § 4 13 10 13 12 2 3 3 4 2 3
Cd12 4 3 3 3 3 4 7 3 3 5 94 8 4 13 10 13 12 2 3 3 4 2 3
12 €7 4 1 3 2 6 45 45 7 85 9 4 10 25 14 12 2 3 3 4 4 4
Edl15 4 1 3 2 6 4 5 4 5 7 85 9 4 10 22 14 12 2 3 3 4 4 4
13 Da03% 4 3 3 3 7 3 7 4 5 7 85 8§ 410 14 12 5 2 3 3 4 4 3
Dc08 4 3 3 3 7 3 7 4 4 7 835 8 4 10 14 12 5 2 3 3 4 4 3
14 Da03% 4 3 3 3 7 3 7 4 5 7 85 8§ 410 14 12 5 2 3 3 4 4 3
Da34 4 3 3 3 7 3 7 4 5 7 85 8 4 10 15 12 5 2 3 3 4 4 3
15 Da20 4 1 3 2 7 4 8 4 4 7 85 9 4 9 1314 9 2 3 3 4 4 3
Da24 4 1 3 2 7 412 4 4 7 85 9 4 9 13 14 9 2 3 3 4 4 3
16 D05 4 1 3 2 6 4 7 4 5 7 85 9 410 16 14 12 2 3 3 4 4 3
Ea2l 4 1 3 2 6 4 7 4 5 7 835 9 4 10 16 14 12 2 3 3 4 4 3

Ed07 4 1 3 2 6 2 7 4 5 7 835 9 4 10 16 14 12 2 3 3 4 4 3
17 Ea2 3 3 3 4 7 37 55 725 § 410 10 12 9 2 4 3 4 4 3
Ed02 33 3 4 7 3 7 5 5 7 25 8 4 10 10 12 9 2 4 3 4 4 3

T Capital letters indicate registration year (C: 2009, D: 2010, E: 2011), and small letters indicate area inhabited as shown in Table 1.
*These six loci composed the international Supply’s 15-MIRU-VNTR by combination with JATA (12)-VNTR.

$Da03 formed clusters with both Dc08 and Da34.

TPCR products were so long that we could not decide the copy number, but agarose electrophoresis indicated the same product size.
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Fig. The clustering rate of 24 loci VNTR analysis by age-
group. A cluster was defined when the 24 loci VNTR pattern of
each strain was identical or differed by 1 locus.
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07, pECT 08 D HIkBH 1L, I EH B To
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BitkZ L ISR L, # O VNTR 5HF Ok 4 & BT IC X
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TdH 5 WREMEAVR SN Fzo PERT O FE Mz - A T 52
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Table 3 The epidemiological relationship among pulmonary tuberculosis patients that formed clusters
by 24 loci VNTR analysis in Yamagata Prefecture, Japan between 2009 and 2011

Cluster ~ Strain Eg;glmra— Sex Age Address Epldemloll;(:f;;l] relationship Remarks
number number year Related = ) o dy Unknown
1 Ca02 2009 M 72 Acity o His address was close to that of patients Ca31 and Dal7.
Ca3l 2009 M 81 Acity (]
Dal7 2010 F 83 Bcity o Shel?a:li arecord at the hospital at which patient Ea28
worked.
Ea28 2011 F 50 Cecity () Nurse (possibility of hospital infection from patient Dal7)
2 Ca03 2009 F 84 D town o Shel?aél arecord at the hospital at which patient Ea04
worked.
Ea04 2011 F 45 Acity o Nurse (possibility of hospital infection from patient Ca03)
Eal3 2011 M 42 Acity o He had lived together with patient Ea04 (family infection).
Eal7 2011 F 49 Acity o Nurse (hospital infection from patient Ea04)
37 Cal3 2009 M 8 Ccity @ ] Inpatient
,,,,,,,,,,,,, Cal5* 2009 F 41 Ccity @ Nurse (hospital infection from patient Cal3)
4 Cal4 2009 M 72 Ecity [
Cal8 2009 M 29 Ftown o He had attended the same pachinko parlor as the incipient
atient.
Ca2l 2009 F 88 Ftown o ghe had contact with infectious TB patient who had
attended the same pachinko parlor as the incipient patient.
Ca23 2009 M 43 Ftown o He had attended the same pachinko parlor as the incipient
patient.
Ca25% 2009 M 35 Ecity o He had contact with an outbreak patient that developed
tuberculosis in 2008.
Ca32 2009 M 31 Guecity o He had attended the same pachinko parlor as the incipient
atient.
Da07% 2010 F 26 Ecity o IS)hc? had attended the same pachinko parlor as the incipient
atient.
Dal4 2010 M 24 Becity ] ’
Ea03 2011 F 72 Dtown [ ]
Eal8 2011 M 27 Ecity { ] He had attended the same pachinko parlor as the incipient
atient.
Ea31l 2011 M 36 Ecity o %e had contact with patient Eal8.
,,,,,,,,,,,,, Ea33 2011 F 30 Eeity @
5 Cal7 2009 M 78 Cocity o Inpatient
,,,,,,,,,,,,, Ca30® 2009 F 25 Ceciy @ Nurse(hospital infection from patient Cal7)
6 Cal9% 2009 M 79 Goeity o
Ca34 2009 M 82 Hoecity ([ J
Eal6 2011 M 83 Cucity o His address was close to that of patient Ca34.
77 Ca22 2009 F 8 ltown @
Da02 2010 F 76 Itown o She had used the same nursing home as patient Ca22.
8 Ca28 2009 M 63 Becity ([
DcO5 2010 F 93 Jtown [ ]
9 Ca38 2009 M 50 Kecity [ )
Da04 2010 M 80 Ccity [ ]
10 Cdo4 2009 F 81 Ltown [ ]
Da28* 2010 F 93 ltown [ ]
11 Cdos 2009 F 82 Mucity @
Cd12 2009 M 86 Morcity o He had lived together with patient CdO5 (family infection).
12 Cdo7 2009 M 83 Ltown o
Ed15% 2011 F 85 L town o She had lived together with patient Cd07 (family
infection).
13 Da03 2010 M 77 Cecity ®
Dc08* 2010 M 77 Ntown [ ]
14 Da03 2010 M 77 Cecity ®
Da34* 2010 M 85 Ccity o
15 Da20 2010 F 78 Acity ®
Da24* 2010 F 61 Cecity [ ]
16 D05 2010 M 79 Ocity ®
Ea2l 2011 M 85 Hcity o
Ed07¢ 2011 M 86 Ltown [ ]
17 Ea32 2011 F 8 Bcity ®
Ed02 2011 F 32 Moecity o

"The relationship between tuberculosis patients was identified after additional epidemiological investigation at the Public Health Center.
*The 24 loci VNTR pattern differed by 1 locus from other strains in the same cluster.
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Table 4 The epidemiological information for pulmonary tuberculosis patients for whom the 24 loci VNTR
pattern of the isolated strain was identical to the putative expanding cluster type (pECT)-VNTR patterns in
Yamagata Prefecture, Japan between 2009 and 2011
Ksutﬁllger pECT type 5:51 stration Sex Age  Address Remarks
Ddo4 pECT 077 2010 M 76 O city Streptomycin resistant. He had worked at a construction company in
Tokyo until 2007.
Dd10 pECT 08 2010 M 32 Ptown  He had worked at a construction company in the Tokyo Metropolitan
area between 1999 and 2004.
Da28 pECT 04 2010 F 93 I'town  She was born in Ibaraki Prefecture, and moved to Yamagata Prefecture

in her thirties.

TpECT 07 is identical to M4 strain'?.
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EFFECTIVENESS OF COMPREHENSIVE VARIABLE NUMBER OF
TANDEM REPEAT (VNTR) ANALYSIS IN AREAS WITH
A LOW INCIDENCE OF TUBERCULOSIS

'Junji SETO, 'Tadayuki AHIKO, >Takayuki WADA, 3Atsushi HASE,
and “Keiko YAMADA

Abstract [Purpose] To ascertain the effectiveness of vari-
able number of tandem repeat (VNTR) analysis in areas with
a low incidence of tuberculosis (TB), we examined the combi-
nation of comprehensive VNTR analyses and field epidemi-
ological investigation results in Yamagata Prefecture, Japan,
where estimated incidence of new TB cases per 100,000
population was 11.3 in 2011.

[Methods] We collected Mycobacterium tuberculosis iso-
lates from 184 (69.2%) of 266 pulmonary TB patients across
the whole of Yamagata Prefecture between 2009 and 2011.
Next, 24 loci [JATA (12), QUB-11a, ETR A, QUB-18, QUB-
3232, v3820, v4120, MIRU 04, MIRU 16, MIRU 40, ETR C,
Mtub30, Mtub39] in VNTR genotypes were determined. The
relationships among TB patients derived from the respective
clusters were surveyed using field epidemiological investiga-
tion results provided by the Public Health Center.

[Results] Seventeen clusters were formed by 49 (26.6%) of
the 184 isolates. We found 3 hospital infection cases, 3 family
infection cases, and 1 nursing home infection case forming 6
clusters. Among these cases, two relationships among patients
were revealed after additional epidemiological investigation at
the Public Health Center. The VNTR pattern of the largest

cluster, which was formed by 12 isolates, was identical with
that of an incipient patient of a TB mass infection that occurred
in 2007.

[Discussion] In areas with a low incidence of TB, a com-
bination of comprehensive VNTR analysis and field epidemi-
ological investigation is useful to find unknown transmission

routes, identify for new risk groups, and trace mass infections.
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tuberculosis, VNTR analysis, Molecular epidemiology, Field
epidemiology
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