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In many countries with low to moderate tuberculosis (TB) in-
cidence, cases have shifted to elderly persons. It is unclear,
however, whether these cases are associated with recent
Mycobacterium tuberculosis transmission or represent reac-
tivation of past disease. During 2009-2015, we performed a
population-based TB investigation in Yamagata Prefecture,
Japan, using in-depth contact tracing and 24-loci variable-
number tandem-repeat typing optimized for Beijing family
M. tuberculosis strains. We analyzed 494 strains, of which
387 (78.3%) were derived from elderly patients. Recent
transmission with an epidemiologic link was confirmed in
22 clusters (70 cases). In 17 (77.3%) clusters, the source
patient was elderly; 11 (64.7%) of the 17 clusters occurred
in a hospital or nursing home. In this setting, the increase
in TB cases was associated with M. tuberculosis transmis-
sions from elderly persons. Prevention of transmission in
places where elderly persons gather will be an effective
strategy for decreasing TB incidence among predominantly
elderly populations.

he World Health Organization End TB strategy (/) calls

for every country, depending on their tuberculosis (TB)
situation, to accelerate efforts designed to end TB. In Japan,
14.4 TB cases/100,000 population were reported in 2015.
A small percentage of those cases occurred in foreign-born
(6.4%) and HIV-positive (<0.1%) persons, who thus are not
currently considered to pose a transmission threat; howev-
er, 71.8% of the reported cases were in elderly persons (>60
years of age) (/,2). Given that the incidence of TB was high
in Japan until the 1970s (3), the current elderly population
is regarded as vulnerable to TB onset from reactivation
of remotely acquired latent infection (4,5). However, TB
transmission among elderly populations has not been de-
termined worldwide (6).
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Molecular epidemiology can help identify recent TB
transmission and, thereby, contribute to the creation of
specific intervention programs for advanced TB control.
Variable-number tandem-repeat (VNTR) typing is a use-
ful method for rapidly detecting TB infections caused by
the same strain of Mycobacterium tuberculosis (7); such
cases might occur from recent transmission. A combination
of VNTR typing and in-depth contact tracing has detected
previously unrecognized recent TB transmission in various
settings (8—117). However, data are scarce from areas such
as Japan that might include large numbers of patients with
reactivated TB (i.e., reactivation of past latent TB infection
because of a weakened immune system).

The Beijing family, within lineage 2 (East Asian) of M.
tuberculosis, has shown cumulative microevolution while
spreading globally from its origin in eastern Asia (/2—16).
Worldwide, the modern Beijing subfamily predominates
(16), but in Japan, the ancient Beijing subfamily, which is
subdivided into 4 sublineages (ST11/26, STK, ST3, and
ST25/19), accounts for >75% of Beijing family strains
(17-19). Thus, appropriate VNTR subsets were proposed
to discriminate Beijing M. tuberculosis lineages (20,21);
a 24-loci subset, named 24Beijing, is used to achieve high
discriminatory power for M. tuberculosis Beijing clinical
isolates in Japan (/9,21). The subset comprises 15-loci my-
cobacterial interspersed repetitive units (MIRUs) (7) and 9
additional loci, including 3 hypervariable loci (21).

We performed a population-based TB investigation
in Yamagata Prefecture, Japan, combining 24Beijing-VNTR
typing and in-depth contact tracing. We aimed to clarify
the overall picture of recent M. tuberculosis transmission
and thereby contribute to preventing the spread of TB in
Yamagata Prefecture, where the annual TB incidence dur-
ing the past decade was 7—13 cases/100,000 persons (3)
and where 80.5% of reported patients were >60 years of
age in 2015 (2). The investigation was designed to provide
insight about TB among predominantly elderly populations
as an aid to countries experiencing an increase in TB cases
among the elderly (/,22,23). This work was approved by
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the Ethics Committees of Yamagata Prefectural Institute
of Public Health (approval no. YPIPHEC H24-04 and
YPIPHEC 16-08) and of the Institute of Tropical Medi-
cine, Nagasaki University (approval no. 130606112).

Materials and Methods

Study Setting

Yamagata Prefecture, located in the northern part of Japan’s
main island of Honshu, is subdivided into 4 topographically
separated areas, each of which has a public health center (on-
line Technical Appendix 1 Figure 1, https://wwwnc.cdc.gov/
ElD/article/23/3/16-1571-Techappl.pdf). In 2014, Yamaga-
ta Prefecture had 1.1 million inhabitants, of whom 38.2%
were elderly (>60 years of age) and 0.5% were noncitizen
residents. Statistical data used in the study was provided by
the Statistics Planning Division, Yamagata Prefecture.

Study Population

The study included most patients in Yamagata Prefecture
with culture-confirmed TB reported during January 1,
2009-December 31, 2015. On the basis of Japan’s Law
Regarding Infectious Disease Prevention and Medical
Care for the Patients, which was implemented on April 1,
1999, public health centers collect M. tuberculosis strains
isolated from patients in order to conduct molecular in-
vestigations. During 2009-2015, public health centers
routinely delivered collected strains to the Yamagata Pre-
fectural Institute of Public Health within 2 months after
notification of TB cases. These collected strains corre-
sponded in part to those described in our earlier works,
which mainly analyzed genetic features of M. tuberculo-
sis (e.g., phylogenetic classification and the genome se-
quence) (19,24,25).

Genotyping
We usually finished 24, e YVNTR typing within 3 days af-
ter arrival of the strains. We confirmed the amplified PCR
fragment sizes by using a microchip electrophoresis system
(MCE-202; Shimadzu Corp., Kyoto, Japan) and agarose
gel electrophoresis. We calculated the number of repeats
for each locus from the sizes of PCR products, in agree-
ment with published allelic tables (26). For this study, we
defined a preliminary TB cluster when the 24, e VNTR
profile of a strain was a single-locus variant (SLV) or was
indistinguishable from that of other strains.
We estimated M. tuberculosis lineages of the clinical

isolates by using maximum a posteriori estimation with the

4peiine VNTR profile, as described previously (/9). We di-
vided the strains into 6 lineages: the group of non-Beijing
M. tuberculosis lineages, 4 sublineages (ST11/26, STK,
ST3, and ST25/19) of ancient Beijing subfamily, and the
modern Beijing subfamily.
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Data Collection

Public health centers routinely collect demographic (age,
sex, country of birth, and address), clinical (site of dis-
case, acid-fast bacilli sputum smear status, and treatment
history), epidemiologic (family members, occupation, and
contacts during onset), and microbiologic (culture and
drug-susceptibility status of M. tuberculosis strain) charac-
teristics for all reported TB patients. Public health centers
use these data to determine whether interferon-y release
assays and chest radiography should be used to determine
whether contacts of patients have latent TB infection. When
a preliminary TB cluster is confirmed, public health nurses
investigate the behavior history of patients within clusters
to determine recent M. tuberculosis transmission. If pa-
tients in a cluster live in dispersed areas, the investigations
are performed in cooperation with the responsible public
health centers. In addition, after November 2013, public
health centers asked all patients with culture-confirmed
TB to complete a long or short version of a self-admin-
istered questionnaire that specifically elicits responses as-
sociated with residence, travel history, transportation, and
places of social aggregation (online Technical Appendix 2,
https://wwwnc.cdc.gov/ElD/article/23/3/16-1571-Techapp2.
pdf). Public health centers decide which version of the ques-
tionnaire to use, depending on patient willingness and ability
to fill out the form. For example, in this study, the short ver-
sion was used for elderly TB patients (especially those >80
years of age) who exhibited forgetfulness, tremulousness of
hands, or an unwillingness to complete the questionnaire. Us-
ing social interaction data gathered from the case investiga-
tions and questionnaires, public health centers graded patients
within clusters as epidemiologically linked (i.e., patients had
shared space at the same time); possibly linked (i.e., patients
had shared space but not at the same time); or not linked (i.e.,
no shared space was found for patients), according to the
classification method of Walker et al. (27).

Cluster Analysis

We defined cases as a cluster when their 24, i VNTR
profiles were indistinguishable from each other or when a
social interaction was graded as epidemiologically linked
or possibly linked in the SLV group. We excluded non-
linked cases in the SLV group from the cluster, based on
the assertion by Allix-Béguec et al. that “even for hyper-
variable loci, at least in the absence of further specific epi-
demiological or contact tracing evidence, the definition of
molecular clustering should remain restricted to full iden-
tity of the markers” (28). By comparing 24-loci MIRU-
VNTR profiles proposed by Supply et al. (7) and results of
whole-genome sequencing, Walker et al. (27) showed that
M. tuberculosis strains in the SLV group contained many
more single-nucleotide polymorphisms than those in the
indistinguishable group.
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We calculated the proportion of clustered cases result-
ing from recent M. tuberculosis transmission by using the
n — 1 method, defined as (N, - n )/N_, where N_ stands for
the total number of clustered cases, 7, signifies the number
of clusters (i.e., equal to the number of source cases), and
N, denotes the total number of cases in this study (9,29). In
addition, we calculated the percentage of cases resulting
from epidemiologic links, including only cases and clusters
with confirmed links in the calculation [(no. of clustered
cases with epidemiologic links — no. of clusters with epi-
demiologic links)/N ] (9). We visualized cluster diagrams
displaying epidemiologic links by using Cytoscape 3.3.0,
an open-source bioinformatics software platform (30).

Statistical Analysis

We calculated odds ratios and 95% ClIs by using logistic
regression analysis. To determine the association between
cluster formation and epidemiologic features (especially
age groups), we applied multivariate logistic regression
analysis using, for example, age group, sex, and M. tuber-
culosis lineage as explanatory variables. We used back-
ward, stepwise variable selection to select the multivariate
model with a probability entry of <0.2. Residual analysis
was used when logistic regression analysis was not appli-
cable. We considered p<0.05 as statistically significant. All
statistical analyses were conducted using R version 3.0.2
(R Foundation for Statistical Computing, Vienna, Austria).

Results
During 2009-2015, a total of 854 TB cases were reported
in Yamagata Prefecture; 676 of the cases were diagnosed
as pulmonary TB, of which 513 were culture-confirmed.
We studied 494 (57.8%) of the 854 cases (469 [91.4%] of
the 513 pulmonary cases and 25 extrapulmonary cases).
We collected M. tuberculosis strains from the patients
and determined the 24, . -VNTR profiles. Patients had
a mean (£SD) age of 72.3 + 19.9 (range 18-100) years.
Most patients were >60 years of age (387 patients, 78.3%),
Japanese (478 patients, 96.8%), and undergoing initial TB
treatment (466 patients, 94.3%), and most had pulmonary
symptoms (469 patients, 94.9%) and non—multidrug-resis-
tant TB (491 patients, 99.4%). No patients were HIV-posi-
tive, illicit drug users, or homeless.

Results of 24, iine VNTR typing showed that 173
strains formed 52 preliminary clusters, which were ag-
gregations of indistinguishable and SLV profiles (online

Technical Appendix 1 Table 1). Of note, the proportion
of nonlinked cases in the SLV group was remarkably high
(45/57, 78.9%) when we separated cases belonging to the
preliminary cluster into indistinguishable and SLV groups
(Table 1). Considering these findings and the assertion of
Allix-Béguec et al. (28), we excluded 45 cases for which
24, ine VNTR profiles formed SLV clusters without epide-
miologic links. The remaining 128 cases formed 42 clusters
(online Technical Appendix 1 Table 1), each of which con-
tained 2—17 cases; 45.3% (58/128) of cases were in small
clusters (2 cases), 25.0% (32/128) were in medium clusters
(3 or 4 cases), and 29.7% (38/128) were in 3 large clusters
(7, 14, and 17 cases, respectively). Cases attributable to re-
cent transmission accounted for 17.4% (128 clustered cases
— 42 clusters/494 total cases).

In both univariate and multivariate analyses, odds ra-
tios for cluster formation were lower for patients >60 years
of age than those <39 of age (Table 2). However, among
the M. tuberculosis lineages, only ancient Beijing lineage
ST11/26, which was represented by cluster 12, the larg-
est cluster (n = 17; online Technical Appendix 1 Table 1),
showed a markedly high odds ratio against the modern Bei-
jing subfamily in both univariate and multivariate analyses.
The odds ratios of ancient Beijing lineages STK and ST3
against the modern Beijing lineage were significant only
with univariate analysis. We also determined the risk for
infection with the different M. tuberculosis lineages by age
group (Table 3). The proportion of infections with STK,
ST3, and ST25/19 was remarkably high among patients
>60 years of age, whereas the proportion of infections with
the modern Beijing subfamily was significantly higher
(p<0.01) among patients <59 years of age.

We confirmed epidemiologic links in 22 (52.4%) of
the 42 TB clusters that occurred during 2009-2015; the
linked cases consisted of 20 source cases (i.c., the source
of M. tuberculosis transmission) and 50 secondary TB cas-
es (Figure) (online Technical Appendix 1 Figure 2). For
each cluster, we identified a source case by information
about the patients (e.g., the time of diagnosis, degree of
infectiousness, the start of the infectious period based on
sputum smear status, severity and duration of respiratory
symptoms, findings on chest radiographs, and sociability
of the patient). Source cases in clusters 12 and 34 were not
included in this study because they occurred outside the
study period or lacked a VNTR profile. The most common
transmission setting was hospitals that had cared for TB

Table 1. Crude odds ratio for single-locus variant among 173 Mycobacterium tuberculosis strains forming preliminary clusters, by
epidemiologic links of tuberculosis cases, Yamagata Prefecture, Japan, 2009-2015

24Beijing-VNTR profile, no. (%)

Epidemiologic link Indistinguishable, n = 116

Single-locus variant, n = 57 Crude odds ratio (95% CI)*

Linked 42 (36.2) 11 (19.3) 1.0
Possibly linked 16 (13.8) 1(1.8) 0.2 (0.03-2.0)
Not linked 58 (50.0) 45 (78.9) 3.0 (1.4-6.4)

*Cls that do not overlap the null value of odds ratio = 1 are shown in bold.
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Table 2. Odds ratio for cluster formation among 494 persons with tuberculosis, Yamagata Prefecture, Japan, 2009-2015*

24g.ijing VNTR profile, no. (%)

Odds ratio (95% CI)t

Patient characteristic Not clustered, n =366 Clustered, n = 128 Univariate Multivariatet
Age group
<39 31 (8.5) 30 (23.4) 1.0 1.0
40-59 25 (6.8) 21 (16.4) 0.9 (0.4-1.9) 0.8 (0.3-1.8)
60-79 96 (26.2) 35 (27.3) 0.4 (0.2-0.7) 0.4 (0.2-0.8)
>80 214 (58.5) 42 (32.8) 0.2 (0.1-0.4) 0.2 (0.1-0.4)
Sex
F 143 (39.1) 59 (46.1) 1.3 (0.9-2.0) 1.6 (0.99-2.4)
M 223 (60.9) 69 (53.9) 1.0 1.0
Birthplace
Japan 351 (95.9) 127 (99.2) 5.4 (0.7-41.5) 16.7 (2.0-137.0)
Other 15 (4.1) 1(0.8) 1.0 1.0
Site of disease
Pulmonary, sputum smear—positive 251 (68.6) 78 (60.9) 1.0 -
Pulmonary, sputum smear—negative 97 (26.5) 44 (34.4) .5(0.9-2.3) -
Extrapulmonary 18 (4.9) 6 (4.7) 1.1 (0.4-2.8) -
Treatment history
Initial 343 (93.7) 123 (96.1) 1.6 (0.64.4) -
Retreatment 23 (6.3) 5(3.9) 1.0 -
M. tuberculosis lineage
Non-Beijing 102 (27.9) 38 (29.7) 0.7 (0.4-1.4) 1.2 (0.6-2.3)
ST11/26 14 (3.8) 19 (14.8) 2.7 (1.2-6.3) 2.5(1.02-6.1)
STK 72 (19.7) 10 (7.8) 0.3 (0.1-0.6) 0.4 (0.2-1.1)
ST3 68 (18.6) 15 (11.7) 0.4 (0.2-0.9) 0.8 (0.3-1.7)
ST25/19 60 (16.4) 21 (16.4) 0.7 (0.4-1.4) 1.0 (0.5-2.2)
Modern Beijing 50 (13.7) 25 (19.5) 1.0 1.0

*—, no variables.
1Cls that do not overlap the null value of odds ratio = 1 are shown in bold.
FAdjusted for the other factors used in the multivariate model.

patients (15 [30.0%] of 50 secondary cases), followed by
households (14 [28.0%] of 50 secondary cases). We found
unsuspected links for 23 (46.0%) of 50 secondary cases by
conducting in-depth contact tracings after VNTR typing.
Among the 23 cases, 22 (95.7%) aggregated with other
TB cases in settings outside the household: hospitals (13
cases), pachinko parlors (7 cases), a nursing home (1 case),
and a sporting event (1 case). The proportion of cases at-
tributable to recent transmission after adjustment for epi-
demiologic links was 9.7% (70 clustered cases with epide-
miologic links — 22 clusters with epidemiologic links/494
total cases). Furthermore, because unsuspected transmis-
sion settings were found within clusters 03, 12, and 34 after
VNTR typing, we performed interferon-y release assays on
samples from close contacts of TB case-patients in those
settings; none of the results were positive (data not shown).

For the large clusters (clusters 12, 26, and 34), we con-
firmed that there had been a delay between symptom on-
set and diagnosis for the source patients or that the source

patients were highly socially active (online Technical Ap-
pendix 1 Table 2). In cluster 12, we studied 17 cases re-
ported during 2009-2015; another 18 cases were excluded
from the study because they occurred outside the study pe-
riod (online Technical Appendix 1 Figure 2). In cluster 34,
a diagnosis of TB in the probable source case-patient was
missed because the patient had been diagnosed with lung
cancer. However, a typical tuberculous cavity was found
by retrospective viewing of a chest radiograph taken before
the patient’s death.

Seventeen clusters originating from elderly patients
were of small or medium size; the exception was cluster
34, for which the source case had not been diagnosed as
TB (online Technical Appendix 1 Figure 2). Source cases
of the clusters aggregated with secondary cases in hospi-
tals (9 clusters), households (7 clusters), and nursing homes
(2 clusters). Almost all of the secondary case-patients
aggregating at households and nursing homes were elderly
persons, whereas most secondary case-patients within the

Table 3. Lineages of 494 Mycobacterium tuberculosis strains by patient age group in Yamagata Prefecture, Japan, 2009-2015

M. tuberculosis lineage, no. (%)

Patient age Ancient Beijing Modern
group, y No. (%) patients Non-Beijing ST11/26 STK ST3 ST25/19 Beijing
<39 61 (100) 16 (26.2) 13 (21.3)* 4 (6.6) 2(3.3) 3(4.9) 23 (37.7)*
40-59 46 (100) 12 (26.1) 4 (8.7) 2 (4.3) 1(2.2) 10 (21.7) 17 (37.0)*
60-79 131 (100) 37 (28.2) 6 (4.6) 19 (14.5) 24 (18.3) 30 (22.9)t 15 (11.5)
>80 256 (100) 75 (29.3) 10 (3.9) 57 (22.3)* 56 (21.9)* 38 (14.8) 20 (7.8)

*Significantly higher proportion by residual analysis (p<0.01).
tSignificantly higher proportion by residual analysis (p<0.05).

Emerging Infectious Diseases *« www.cdc.gov/eid ¢ Vol. 23, No. 3, March 2017 451



RESEARCH

Cluster 05* Cluster 06* Cluster 17* Cluster 35* Cluster 38* Cluster 03* Age group, y
P+ P+
2009 Jun 2009 Apr 2012 Feb 2012 Feh 2012 Jun 2009 Aug Bl <3
Cat ? . ’ ? [ 40-59
[ e0-79
[ Hospital Hospital [ Hospltal [ | Hospltal [ Hospital | | Nursing home |
, B >80
Cad0- @>® ®° ' w0>®
P- P+ P P+
2009 Sep 2009 May 2013 Feb 2014 Jan 2014 Aug 2010 Feb
Cluster 02* Cluster 14* Cluster 29 Cluster 30* Cluster 39* Cluster 40*
P+ P+ P+ P+ P+ P+
2009 Apr 2009 Apr 2013 May 2011 Sep 2013 Sep 2009 Dec

@ @ o

[ Household || Household || Household || Household || Household | | Household |

P- P+ P+ P-
2009 Jun 2011 Apr 2013 Sep

2013 May

P- P-
2014 Jul 2015 Mar

Figure. Twelve small tuberculosis (TB) clusters (2 cases each) among a total of 22 clusters with epidemiologic links between patients,
Yamagata Prefecture, Japan, 2009-2015. Ovals and diamonds represent individual cases, by patient age group, in each cluster;
numbers inside symbols are patient identification codes. Ovals indicate cases with an indistinguishable 24-loci variable-number

tandem-repeat typing profile optimized for Beijing family M. tuberculosis strains (24

seijng” VN TR profile); diamonds indicate cases with a

single-locus variant profile. Vertical arrows and dotted lines between cases within a cluster indicate linked and possibly linked cases,
respectively. Transmission settings for linked cases are shown within rectangles. Case notification dates and patient disease sites are
shown above/below the case symbol; P+ and P- indicate pulmonary smear—positive and —negative cases, respectively. Black dots

indicate confirmation of the epidemiologic link by in-depth contact tracings after 24

-VNTR typing. Asterisks indicate clusters that

Beijing

began with a TB source patient who was >60 years of age. An expanded version of this figure is available as online Technical Appendix
1 Figure 2 (https://wwwnc.cdc.gov/EID/article/23/3/16-1571-Techapp1.pdf).

hospital clusters were younger persons. Twelve (80.0%) of
15 secondary cases in hospital settings were in women <59
years of age, including 11 patients who were working as
nurses or nurse’s aides.

To investigate risk factors for nonlinked results of con-
tact tracings, we analyzed characteristics of 128 clustered
cases (Table 4). Multivariate analysis showed that elderly
persons and M. tuberculosis lineages (non-Beijing and an-
cient Beijing) were independent risk factors for nonlinked
results of contact tracings.

Discussion

We conducted molecular and epidemiologic TB investiga-
tions among a population in which 78.3% of the patients
were >60 years of age. Among 22 TB clusters with epide-
miologic links, 17 (77.3%) were traced to an elderly source
patient (online Technical Appendix 1 Figure 2). Of those
17 clusters, 11 occurred in hospitals and nursing homes.
Transmission in these settings involved secondary cases
mostly among younger persons. Our findings indicate that
elderly persons must be included in TB prevention and con-
trol measures in countries with low to moderate incidence

452

that have experienced a shifting of TB cases toward the
elderly (1,22,23).

Our results suggest that elderly patients with TB are a
source of TB spread involving younger persons. Borgdorff
et al. showed that the number of secondary cases generated
per source case decreased concomitantly with increasing
age of the source patient; source cases involving elderly
persons tend to form clusters of TB cases among elderly
persons (6). Our findings show that 16 of 17 clusters that
began with an elderly source patient were small or medi-
um size; however, cluster 34, caused by an elderly person
who was not diagnosed with TB, formed a large cluster.
Eleven clusters that had an elderly source patient included
transmissions in hospitals and nursing homes, and 80% of
secondary cases in hospital settings were in persons <59
years of age. Elderly patients with TB often lack typical
symptoms, such as cough and fever (37,32). In addition, di-
agnosis of TB in elderly persons might be delayed because
they sometimes have multiple underlying diseases such as
aspiration pneumonia and chronic obstructive pulmonary
disease. Given that various factors may delay TB diagno-
sis in elderly persons, efforts should be taken to decrease
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Table 4. Risk factors for nonlinked results of contact tracings among 128 TB cases clustered in Yamagata Prefecture, Japan, 2009—

2015

No. (%) cases with epidemiologic link

Odds ratio (95% CI)*

Characteristic Linked or possibly linked Not linked Univariate Multivariatet
Patient age group

<59 37 (52.9) 14 (24.1) 1.0 1.0

>60 33 (47.1) 44 (75.9) 3.5 (1.6-7.6) 2.9 (1.3-6.6)
Patient sex

F 39 (55.7) 20 (34.5) 1.0 1.0

M 31(44.3) 38 (65.5) 2.4 (1.2-4.9) 2.2 (0.994-4.9)
Mycobacterium tuberculosis lineage

Non-Beijing 16 (22.9) 22 (37.9) 15.8 (3.3-76.9)  12.5 (2.5-63.3)

Ancient Beijing 31 (44.3) 34 (58.6) 12.6 (2.7-57.9) 10.1 (2.1-48.2)

Modern Beijing 23 (32.9) 2(3.4) 1.0 1.0

*Cls that do not overlap the null value of odds ratio = 1 are shown in bold.
tAdjusted for the other factors used in the multivariate model.

such delays in order to stop or control the spread of TB.
Furthermore, information regarding TB prevention should
be provided to workers who have close and routine contact
with elderly persons (e.g., hospital and nursing home staff).

Contact investigations are necessary to acquire the
greatest public health benefit for most infectious diseases.
Our findings confirmed unsuspected links in 46.0% of
secondary TB cases through in-depth contact tracing after
VNTR typing (online Technical Appendix 1 Figure 2). In
addition, we sought undiscovered latent TB infection cases
by using interferon-y release assays to find patient contacts
in unsuspected settings. Given that earlier studies per-
formed similar investigations and found latent and active
TB cases (8,9,11), a combination of population-based mo-
lecular typing and further contact investigation is expected
to be an effective strategy for discovering unknown latent
TB infections or active TB cases. Moreover, we examined
links in detail for 57 patients infected with M. tuberculosis
strains in the SLV group; our findings confirmed epidemio-
logic links in 21.1% (12/57) of the cases (Table 1). These
results indicate that in-depth contact tracings should be per-
formed for TB cases caused by M. tuberculosis strains with
SLV profiles.

The results of our study suggest that clusters that in-
clude elderly persons without epidemiologic links might
be caused by the past endemic M. tuberculosis strains. We
estimated, on the basis of molecular typing (9), that 17.4%
(128 clustered cases — 42 clusters/494 total cases) of TB
cases in this study were attributable to recent transmission;
however, after we made adjustment for epidemiologic
links, only 9.7% (70 clustered cases with epidemiologic
links — 22 clusters with epidemiologic links/494 total cas-
es) of the cases were attributable to recent transmission.
The main cause for this difference in case numbers is that
epidemiologic links were difficult to confirm for clustered
cases among elderly persons (Table 4). In Japan, cases of
TB among the elderly are attributable mainly to the en-
dogenous relapse of M. tuberculosis infections that oc-
curred near the time of World War II, when TB was highly
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prevalent (4,5). This fact suggests that past endemic strains,
having indistinguishable VNTR profiles, have been iso-
lated from elderly persons who have onset of TB in mod-
ern times caused by reactivation of latent TB infection.
The confirmation of settings with recent M. tuberculosis
transmission can guide interventions to control the spread
of TB; however, the lack of such confirmation, despite in-
depth contact tracings, may suggest infection with the past
endemic M. tuberculosis strain, and the transmission set-
tings for such infections can be difficult to detect.

Epidemiologic data together with phylogenetic infor-
mation for M. tuberculosis strains causing infections might
be useful in determining the time of TB infection. In this
study, more than half of the strains were of the ancient Bei-
jing subfamily, and the proportion of several sublineages
from this family were markedly high in persons >60 years
of age, whereas modern Beijing subfamily strains were
prevalent in younger age groups (Table 3). Given that an
earlier Japanese study found a similar tendency (/7), pre-
dominant lineages will have shifted over time, at least in
Japan. Such historical dynamics might provide valuable
clues for estimating the background of isolated strains. For
example, if nonclustered strains with STK or ST3 were iso-
lated from elderly patients in Japan, then it might be rea-
sonable that such cases were regarded as sporadic because
of reactivation.

Our study had several potential limitations. First,
contact tracings might not clarify all epidemiologic links
among clustered TB cases. In particular, findings of the true
location of transmission for young and active persons with
TB may be missed because those persons tended to fre-
quent many locations. By contrast, elderly persons with TB
frequented fewer locations, but their disabilities (e.g., for-
getfulness and impaired hearing) or death immediately af-
ter TB diagnosis compromised our data gathering. To over-
come this limitation, the use of whole-genome sequencing,
which has higher discriminatory power than VNTR typ-
ing, might indicate whether clustered strains are derived
from recent transmission (27,33). Second, M. tuberculosis
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genotyping studies cannot investigate culture-negative
TB cases. This unavoidable limitation caused a decrease
of overall coverage in our study (i.e., >40% of TB cases
were beyond the scope of investigation). However, our
comprehensive investigation of culture-confirmed TB cas-
es, which are more infectious than culture-negative cases
(34) and form the basis of TB transmission, may have been
sufficient for determining the representative transmission
settings in our study area. Our findings from Yamagata
Prefecture provide empiric evidence that nonhousehold
settings populated or frequented by elderly persons (e.g.,
hospitals and social gathering settings) are hotspots for
M. tuberculosis transmission among this population. The
last limitation is that our study was restricted to a local set-
ting. However, Theron et al. (35) recently proposed that an
important factor for ending TB epidemics is to emphasize
strategies at the local level, where TB transmission occurs.
The accumulation of empiric evidence for various other lo-
cal settings in Japan is expected to become a higher priority
for decision-making for nationwide policies regarding TB.
In summary, molecular genotyping methods make it
possible to perform evidence-based TB control (§—71,27).
We confirmed the effectiveness of these methods in a most-
ly elderly population by using VNTR typing with in-depth
contact tracing. Our results suggest that prevention of M.
tuberculosis transmissions in places where elderly persons
gather can be an effective strategy for decreasing TB inci-
dence. A combination of molecular and epidemiologic data
can assist public health officials in obtaining an overview
of recent transmission and in detecting unsuspected trans-
mission settings, thereby enabling further informational ac-
tivities and interventions to prevent the spread of TB.
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Technical Appendix 1 Table 1. Genotyping results of 173 Mycobacterium tuberculosis strains forming preliminary clusters and epidemiologic data of clustered TB cases in Yamagata
Prefecture, Japan, 2009-2015*

Preliminary Epidemiologic link
cluster, Age, Residential Registration Possibly  Not M. tuberculosis
strainno.t  Cluster Isolate 'y  Sex area month/year Linked linked linked VNTR profile of 24ggjing-VNTRE SLV lineage
01
1 - Fa02 92 F A 02/2012 X 342334354475325435778121211 X ST25/19
2 - Gb03 81 F B 01/2013 X 342334374475325435768121211 X ST25/19
3 01 Ha36 70 M A 10/2014 X 342334374475325435778121211 ST25/19
4 01 Ha37 80 M A 10/2014 X 342334374475325435778121211 ST25/19
02
5 02 Ch05 82 F B 04/2009 X 4423333342733943435138101312 STK
6 02 Chl2 86 M B 06/2009 X 4423333342733943435138101312 STK
03
7 03 Ca22 82 A 08/2009 X 4723333342754843347783/13166 X STK
8 03 Da02 76 F A 02/2010 X 47233333427548433477813166 X STK
04
9 04 Ca02 72 M A 01/2009 X 442333444475383334785141411 Modern Beijing
10 04 Ca3l 81 M A 10/2009 X 442333444475383334785141411 Modern Beijing
11 04 Dal7 83 F A 08/2010 X 442333444475383334785141411 Modern Beijing
12 04 Ea28 50 F A 11/2011 X 442333444475383334785141411 Modern Beijing
05
13 05 Cal7 78 M A 06/2009 X 342434364475325435810816128 X ST25/19
14 05 Ca30 25 F A 09/2009 X 3424343644753254358101316128 X ST25/19
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Preliminary Epidemiologic link
cluster, Age, Residential Registration Possibly  Not M. tuberculosis
strainno.t  Cluster Isolate 'y  Sex area month/year Linked linked linked VNTR profile of 24ggjing-VNTRE SLV lineage
15 06 Cal3 84 M A 04/2009 X 4423333744753105234710515128 ST25/19
16 06 Cals 41 F A 05/2009 X 4423333744753105234710515138 ST25/19
17 - Ha22 82 M A 09/2014 X 4423333744753105234710515129 ST25/19
07
18 07 Ca38 50 M A 12/2009 X 4423333724753105234710>2015128 ST25/19
19 07 Da04 80 M A 03/2010 X 4423333724753105234710>2015128 ST25/19
08
20 08 Ca28 63 M A 09/2009 X 2321331332538333241252552 Non-Beijing
21 08 DcO5 93 F C 05/2010 X 2321331332538333241252552 Non-Beijing
09
22 - Dco8 77 M C 08/2010 X 442333374474385334710814125 X ST25/19
23 09 Da03 77 M A 02/2010 X 442333374475385334710814125 ST25/19
24 - Da34 85 M A 01/2010 X 442333374475385334710815125 X ST25/19
25 09 Hall 77 M A 05/2014 X 442333374475385334710814125 ST25/19
10
26 10 Ca03 84 F A 01/2009 44233345347537323478514208 Modern Beijing
27 10 EaO4 45 F A 01/2011 44233345347537323478514208 Modern Beijing
28 10 Eal3 42 M A 04/2011 44233345347537323478514208 Modern Beijing
29 10 Eal7 49 F A 08/2011 44233345347537323478514208 Modern Beijing
11
30 - Cal9 79 M A 08/2009 X 2321331332545433241252552 X Non-Beijing
31 11 Ca34 82 M A 01/2009 X 2321331432545433241252552 Non-Beijing
32 11 Eal6 83 M A 07/2011 X 2321331432545433241252552 Non-Beijing
33 11 lal5 79 M A 08/2015 X 2321331432545433241252552 Non-Beijing
12
34 12 Cald 72 M A 05/2009 X 342233454474384332141081297 ST11/26
35 12 Cal8 29 M A 07/2009 X 342233454474384332141081297 ST11/26
36 12 Ca2l1 88 F A 08/2009 X 342233454474384332141081297 ST11/26
37 12 Ca23 43 M A 08/2009 X 342233454474384332141081297 ST11/26
38 12 Ca25 35 M A 02/2009 X 342233454474384332141081298 X ST11/26
39 12 Ca32 31 M A 10/2009 342233454474384332141081297 ST11/26
40 12 Da07 26 F A 03/2010 34223345447438433214981297 X ST11/26
41 12 Dal4 24 M A 07/2010 342233454474384332141081297 ST11/26
42 12 Ea03 72 F A 01/2011 342233454474384332141081297 ST11/26
43 12 Eal8 27 M A 09/2011 X 342233454474384332141081297 ST11/26
44 12 Ea3l 36 M A 12/2011 X 342233454474384332141081297 ST11/26



Preliminary Epidemiologic link
cluster, Age, Residential Registration Possibly  Not M. tuberculosis
strainno.t  Cluster Isolate 'y  Sex area month/year Linked linked linked VNTR profile of 24ggjing-VNTRE SLV lineage
45 12 Ea33 30 F A 07/2011 X 342233454474384332141081297 ST11/26
46 12 Fa25 36 M A 07/2012 X 342233454474384332141081297 ST11/26
47 12 Ga06 32 M A 03/2013 X 342233454474384332141081297 ST11/26
48 12 Ga08 57 F A 03/2013 X 342233454474384332141081297 ST11/26
49 12 Gal8 77 M A 04/2013 X 342233454474384332141081297 ST11/26
50 12 Ibl6 39 M B 09/2015 X 342233454474384332141081297 ST11/26
51 - la21 53 F A 01/2015 X 342233454474394332141081297 X ST11/26
13
52 13 Eb02 32 F B 01/2011 X 342334374475325435710810129 ST25/19
53 - Ea08 79 F A 02/2011 X 3423343744653254357108101212 X ST25/19
54 13 Ea32 86 F A 12/2011 X 342334374475325435710810129 ST25/19
55 13 Fb11l 59 M B 12/2012 X 342334374475325435710810129 ST25/19
56 - Fa33 83 M A 11/2012 X 3423343744753254357108121212 X ST25/19
57 - HbO5 54 M B 03/2014 X 3423343744753254357138101212 X ST25/19
58 — Ha31 87 F A 12/2014 X 3423343744753254357108101212 ST25/19
14
59 14 Ch07 83 M B 04/2009 4423133644554852447109241412 ST3
60 14 Eb15 85 F B 04/2011 4423133644554852447109221412 X ST3
15
61 15 Fa0l1 43 F A 01/2012 2321331432535333241252592 Non-Beijing
62 15 Ga33 84 F A 08/2013 2321331432535333241252592 Non-Beijing
16
63 16 Db02 86 F B 02/2010 4423133744753852447109161413 ST3
64 16 Fa03 68 F A 01/2012 4423133744753852447109161413 ST3
17
65 17 Fa04 82 M A 02/2012 44233346447438331478813134 Modern Beijing
66 17 Ga04 37 F A 02/2013 44233346447438331478813134 Modern Beijing
18
67 18 Dc13 83 M C 12/2010 2421331432535533241252452 Non-Beijing
68 - Fa07 80 M A 04/2012 2421331432535533241252352 X Non-Beijing
69 18 Fa26 72 F A 07/2012 2421331432535533241252452 Non-Beijing
19
70 - Dal8 93 F A 09/2010 2421231432537433241052552 Non-Beijing
71 - Fa09 81 F A 05/2012 2421231432535433241052552 Non-Beijing
72 - Ha26 93 F A 11/2014 2421231432435433241052552 Non-Beijing




Preliminary Epidemiologic link
cluster, Age, Residential Registration Possibly  Not M. tuberculosis
strainno.t  Cluster Isolate 'y  Sex area month/year Linked linked linked VNTR profile of 24ggjing-VNTRE SLV lineage
20
73 - Da24 61 F A 01/2010 442313374412438524479913149 ST3
74 - Da27 78 F A 11/2010 44231337448438524479913149 ST3
75 - Fale 85 M A 04/2012 442313374411438524479913149 ST3
21
76 19 Db05 79 M B 04/2010 4423133644753852447109161412 ST3
77 - EbO7 86 M B 07/2011 4423133644753852247109161412 X ST3
78 19 Ea21 85 M A 01/2011 X 4423133644753852447109161412 ST3
22
79 - Ch0o4 81 F B 03/2009 X 3423343744753254357101391211 ST25/19
80 - Da09 82 M A 04/2010 X 3423343644653254357108101211 ST25/19
81 20 Da28 93 F A 11/2010 X 342334374475325435710891211 ST25/19
82 20 Gall 67 M A 01/2013 X 342334374475325435710891211 ST25/19
83 - Gb18 41 M B 07/2013 X 3423343744753254357108131211 X ST25/19
84 20 Gecle 78 M C 12/2013 X 342334374475325435710891211 ST25/19
85 - Hal3 88 F A 06/2014 X 3423343644753254357108101211 ST25/19
86 - la04 89 M A 01/2015 X 3423343744753254357108141211 ST25/19
87 — Ib10 77 M B 06/2015 X 342334364475325435710891211 ST25/19
23
88 21 Ca37 32 F A 12/2009 442333454485310333448514149 Modern Beijing
89 21 Fa2l1 39 F A 09/2012 442333454485310333448514149 Modern Beijing
90 21 Fa38 44 M A 12/2012 442333454485310333448514149 Modern Beijing
24
91 - EaOl 90 M A 02/2011 24242323325338342475>201354 Non-Beijing
92 - Fa22 80 F A 06/2012 X 242323233/425338342475>201354 X Non-Beijing
25
93 22 Fa23 38 F A 06/2012 X 444333334275334334788121718 STK
94 22 Fa27 85 F A 07/2012 X 444333334275334334788121718 STK
26
95 - Ca33 78 M A 01/2009 X 4423333644753105234710>20>20128 X ST25/19
96 — Fa24 79 F A 07/2012 X 4423333644753105234710>2020128 X ST25/19
27
97 23 Eb04 79 M B 05/2011 X 341251223413384152156>20574 Non-Beijing
98 23 Fbo4 72 F B 01/2012 X 341251223413384152156>20574 Non-Beijing

28



Preliminary Epidemiologic link
cluster, Age, Residential Registration Possibly  Not M. tuberculosis
strainno.t  Cluster Isolate 'y  Sex area month/year Linked linked linked VNTR profile of 24ggjing-VNTRE SLV lineage
99 24 FbO7 43 F B 07/2012 X 14233337447538533471088105 ST25/19
100 24 Fb08 76 M B 09/2012 X 14233337447538533471088105 ST25/19
29
101 25 Fb06 80 F B 01/2012 4442220732531633241605734 Non-Beijing
102 25 Gbh0l 79 M B 02/2013 4442220732531633241605734 Non-Beijing
30
103 26 FbO5 26 M B 11/2012 X 341351223413394132127>20694 Non-Beijing
104 26 Gh02 65 M B 02/2013 X 341351223413394132127>20694 Non-Beijing
105 26 Gb04 49 F B 01/2013 X 341351223413394132127>20694 Non-Beijing
106 26 Gbo7 78 M B 03/2013 341351223413394132127>20694 Non-Beijing
107 26 Gh08 70 M B 04/2013 341351223413394132127>20694 Non-Beijing
108 26 Gbll 66 M B 07/2013 X 341351223413394132127>20694 Non-Beijing
109 26 Gbl7 36 F B 07/2013 341351223413394132127>20694 Non-Beijing
110 26 Gh24 42 F B 08/2013 341351223413394132127>20694 Non-Beijing
111 26 Gh26 30 M B 09/2013 X 341351223413394132127>20694 Non-Beijing
112 26 HbO7 27 M B 04/2014 X 34135122341336/94132127>20694 X Non-Beijing
113 26 Hb21 51 F B 11/2014 341351223413394132127>20694 Non-Beijing
114 26 Ib06 23 M B 03/2015 341351223413394132127>20694 Non-Beijing
115 26 Ibl1 19 M B 07/2015 341351223413394132127>20694 Non-Beijing
116 26 Ibl4 57 F B 07/2015 341351223413394132127>20694 Non-Beijing
31
117 - Db16 64 M B 11/2010 241231223413374152106>20565 X Non-Beijing
118 27 Fb13 79 M B 12/2012 241231223413374152136>20565 Non-Beijing
119 27 Ib07 78 M B 03/2015 241231223413374152136>20565 Non-Beijing
32
120 28 Eb01 86 M B 01/2011 4423133644653852444107161413 ST3
121 28 Gal4 80 F A 03/2013 4423133644653852444107 161413 ST3
122 — Ha21 91 F A 08/2014 442313364465385244410716149 X ST3
33
123 - Gc04 22 M C 04/2013 X 442333464475383334788141210 X Modern Beijing
124 29 Gh09 44 M B 05/2013 442333464475383334788141510 Modern Beijing
125 29 Gh23 18 M B 09/2013 442333464475383334788141510 Modern Beijing
34
126 30 Eal9 83 M A 09/2011 2412512234132841321667584 Non-Beijing
127 30 Ga22 80 F A 05/2013 2412512234132841321667584 Non-Beijing




Preliminary Epidemiologic link
cluster, Age, Residential Registration Possibly  Not M. tuberculosis
strainno.t  Cluster Isolate 'y  Sex area month/year Linked linked linked VNTR profile of 24ggjing-VNTRE SLV lineage
35
128 - Ca07 86 M A 02/2009 X 2421331232535533241352552 X Non-Beijing
129 - Gbl13 78 M B 03/2013 X 2421331232535533241052552 X Non-Beijing
36
130 31 Gbl10 80 M B 06/2013 3413343744653252357108131214/15 X ST25/19
131 31 Gbls 79 M B 08/2013 3413343744653252357108131215 ST25/19
132 31 Hb13 80 F B 07/2014 3413343744653252357108131215 ST25/19
37
133 32 Cc03 74 M C 02/2009 X 4423133744753852447109141421 ST3
134 32 Gaz8 74 F A 08/2013 4423133744753852447109141421 ST3
135 32 Ga39 82 F A 10/2013 4423133744753852447109141421 ST3
38
136 - EbO9 84 M B 09/2011 54231337447438524479916169 ST3
137 - Gcl0 66 M C 08/2013 44231337447438524479916169 ST3
39
138 33 FbO3 37 M B 07/2012 24232323325336342435>201453 Non-Beijing
139 33 Gb21 68 F B 09/2013 24232323325336342435>201453 Non-Beijing
140 33 Hb24 26 M B 11/2014 24232323325336342435>201453 Non-Beijing
40
141 - Eb12 76 F B 01/2011 442333464475383334778141410 Modern Beijing
142 — Gdo2 23 F D 01/2013 442333464474383334778141410 Modern Beijing
41
143 - Db04 76 M B 04/2010 44233348447538333478814149 Modern Beijing
144 - Ga4l 25 M A 11/2013 44233349447538333478814149 Modern Beijing
42
145 34 Gc07 91 F C 06/2013 X 44233347449539333476112169 Modern Beijing
146 34 Gc09 61 F c 08/2013 X 44233347449539333476112169 Modern Beijing
147 34 Hc02 24 F C 01/2014 X 44233347449539333476112169 Modern Beijing
148 34 Hc03 55 F C 01/2014 X 44233347449539333476112169 Modern Beijing
149 34 Hc22 30 F C 04/2014 X 44233347449539333476112169 Modern Beijing
150 34 1c03 51 F c 03/2015 X 44233347449539333476112169 Modern Beijing
151 34 1c05 54 M C 04/2015 X 44233347449539333476112169 Modern Beijing
43
152 35 Fa05 71 F A 02/2012 442313354475385244799181211 ST3
153 35 Ha01l 73 F A 01/2014 442313354475385244799181211 ST3




Preliminary Epidemiologic link
cluster, Age, Residential Registration Possibly  Not M. tuberculosis
strainno.t  Cluster Isolate 'y  Sex area month/year Linked linked linked VNTR profile of 24ggjing-VNTRE SLV lineage
44
154 36 Fb10 70 M B 11/2012 X 4423334>203475483334785141412 Modern Beijing
155 36 HbO6 28 F B 03/2014 X 4423334>203475483334785141412 Modern Beijing
156 36 Hbl5 79 M B 07/2014 X 4423334>203475483334785141412 Modern Beijing
45
157 37 Gb27 93 F B 11/2013 34223345447539433210981298 ST11/26
158 - Hci4 62 F c 05/2014 34223345447539423210981298 X ST11/26
159 37 la27 29 M A 01/2015 342233454475394332109812938 ST11/26
46
160 38 Fal8 82 F A 06/2012 444333334275334334788121817 STK
161 38 Hb18 55 F B 08/2014 X 444333334275334334788121817 STK
47
162 39 Ga3l 83 M A 09/2013 1421331432438533241142532 Non-Beijing
163 39 Hal9 82 F A 07/2014 X 1421331432438533241142532 Non-Beijing
48
164 - HcoO9 83 M C 02/2014 3423343744753254354108121213 X ST25/19
165 — Ha33 81 M A 04/2014 3423343744753254354108121211 X ST25/19
49
166 40 Ca36 85 F A 12/2009 642313374485375254710>20161813 ST3
167 40 1a06 92 M A 03/2015 642313374485375254710>20161813 ST3
50
168 41 Hb19 89 M B 09/2014 442333334263474334788131813 STK
169 41 la22 88 M A 09/2015 442333334263474334788131813 STK
51
170 - Fb01 74 M B 01/2012 442333334273474334788131611 STK
171 - la23 94 M A 11/2015 442333334273474334788131612 STK
52
172 42 Hc26 87 F C 11/2014 X 341251223413384132137>20593 Non-Beijing
173 42 1a26 87 M A 12/2015 X 341251223413384132137>20593 Non-Beijing

*SLV, single-locus variant; —, the case was not included in a cluster. Underlining indicates the position of the SLV profile.

1 Because we defined that a strain can belong to a preliminary cluster, there were cases in which strains of 22 loci difference were included in the same preliminary cluster.
1The 24 digits indicate the VNTR profile according to the following aliases (loci) set order: Mtub04 (424), ETR C (577), MIRU4 (580), MIRU40 (802), MIRU10 (960), MIRU16 (1644), Mtub21 (1955), QUB-11b
(2163b), ETR A (2165), Mtub30 (2401), MIRU26 (2996), MIRU31 (3192), Mtub39 (3690), QUB-26 (4052), QUB-4156 (4156), Mtub24 (2074), V2372 (2372), QUB-15 (3155), QUB-3336 (3336), QUB-18
(1982), QUB-11a (2163a), QUB-3232 (3232), V3820 (3820), and V4120 (4120). Additionally, as for the copy number represented by ">20,” we confirmed the concordance of PCR product size within the
cluster by using agarose electrophoresis.



Technical Appendix 1 Table 2. Characteristics of three large tuberculosis clusters in Yamagata Prefecture, Japan, 2009-2015

Characteristics of the source
case-patient

Cluster 12, N = 35

Cluster 26, N = 14

Cluster 34, N =8

Isolate number

Age,y

Sex

Site of disease

Notification date (death date)
Time between symptom onset
and date of diagnosis (time
between symptom onset and
date of death)

Frequently visited places

Remarks

Aal8
20s
Male

Pulmonary (sputum smear positive)

November 2007
35 monthst

Two workplaces (changed job once
during onset), club team and its

events, pachinko parlorst

The source case-patient had a
medical checkup annually after 2003,
but his TB was not diagnosed

properly.

Fb05
20s
Male
Pulmonary (sputum smear positive)
November 2012
3 months

A welfare daycare center,
pachinko parlorst

The source case-patient was mildly
mentally handicapped.

Not acquired
90s
Female
Lung cancer (TB was not diagnosed)*
(September 2012)
(21 months)t

A health clinic (Hospital 1 within cluster 34 in Technical Appendix 1
Figure 2), A hospital admitted (Hospital 2 within cluster 34 in
Technical Appendix 1 Figure 2)

The probable source case-patient was suspected of having lung
cancer by tumor marker diagnosis in July 2010. Steroid therapy for
terminal care was performed at Hospital 2 for 5 days before she
died. Suctioning of sputum was applied frequently for the patient
without adequate standard precautions of healthcare workers.

*After 24seiing-VNTR typing, a public health center confirmed the case-patient’s typical tuberculous cavity in a chest radiograph taken in late August 2012, slightly before the patient's death (data not shown).

VNTR, variable-number tandem-repeat.

tPublic health centers estimated the duration of symptoms by retrospective viewing of chest radiographs (data not shown).

tPachinko parlors, crowded gambling halls in Japan, are well attended by persons 218 years of age.
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Technical Appendix 1 Figure 1. Topographic map of Yamagata Prefecture, Japan. About 85% of the landforms are mountains. Boundaries
among the four areas (white line) are separated mainly by the mountains. White circles show the locations of Public Health Centers in respective
areas. Map source: The Geospatial Information Authority of Japan, Ministry of Land, Infrastructure, Transport and Tourism

(http://maps.gsi.go.jp/development/ichiran.html)
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Technical Appendix 1 Figure 2. Twenty-two clusters with epidemiologic links between patients, Yamagata Prefecture, Japan, 2009-2015. In 86

cases depicted, 70 cases are graded as linked or possibly linked; 15 cases are nonlinked; a case (the probable source case of cluster 34) is



excluded from the study because variable-number tandem-repeat (VNTR) typing of the case could not be done. Cluster 12 contains 18 cases that
are outside of the study period (shown by gray text). Ovals and diamonds denote individual cases in each cluster; numbers inside symbols are
patient identification codes. Profiles of 24seijing-VNTR typing, patient age groups, epidemiologic links in each cluster, and patient disease sites are
shown in the key. Transmission settings for linked cases are shown within rectangles. Patient disease sites and case noatification dates are shown
above/below the case symbol. Blue dots signify confirmation of the epidemiologic link by in-depth contact tracings after 24geijing-VNTR typing.

Asterisks indicate clusters that began with a tuberculosis source patient who was 260 years of age.
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Mycobacterium tuberculosis Transmission
among Elderly Persons, Yamagata
Prefecture, Japan, 2009-2015

Technical Appendix 2

Public health centers in Yamagata Prefecture, Japan, use 2 versions of a questionnaire (1 long and 1
short) to gather data from tuberculosis case-patients. The long version contains multiple-choice
and open-ended questions. The short version contains only the multiple-choice questions from the
long questionnaire. Public health centers chose which questionnaire to use, depending on the
patient’s willingness and ability to respond.

Long Questionnaire


http://dx.doi.org/10.3201/eid2303.161571

Questionnaire for early findings of tuberculosis

This questionnaire is intended to show us the places where tuberculosis transmissions occur.

Please respond with information about your past lifestyle. We would like to use your cooperation
to decrease tuberculosis infection in Yamagata.

Please feel free to contact us if you have any questions.

Public health center: Tel.: Person in charge:

|. General questions
Ql. Did you know about “tuberculosis” before your hospital stay (or visit)?
Please check the box ([).

Yes L1 No

Q2. Do you remember any tuberculosis patients around you in the recent past?
Yes [l No
= If“Yes,” please explain a little about that patient(s).
e.g., my grandfather developed tuberculosis in 2015.

Q3. Before you were diagnosed with tuberculosis, had you experienced any symptom such as
cough, retention of sputum, or fever?
Yes 1 No
= If “Yes,” please write the period that you started to have those symptoms.
= If “No,” please write the period that you were diagnosed with tuberculosis.
Year: , Month:

Il. Questions about your lifestyle of the last two years

Most patients show onset of tuberculosis (or have it discovered) within two years of their infection.

In this section, please answer about your lifestyle for the last two years.

Q4. Please check all the facilities that you have visited at least once within the last two years.

[ | Convenience store L! Drinking spot (e.g., bar, pub)

[ Pachinko parlor Karaoke bar

[] Parlors of Japanese chess, mah-jong, or Culture lesson (e.g., cooking class, karaoke
game of go class)

[] Theater Barber shop

[ | Public bathhouse Religious space (e.g., church, temple)

Continued on next page
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[ Internet cafe || Amusement arcade

[1 Indoor sports facility [ Academy, cram school

[1Welfare facility (e.g., nursing home, || Neighborhood meeting (e.g., neighborhood
facilities for the disabled) association, volunteer fire company)

[! Dormitory for student or office worker

[1 Ceremonial function (e.g., bridal, burial)

[1 Homes of friends, or close relatives [1 Other place ( )

=> If you checked more than one place, proceed to Q5.

= If you visited none of the places above, proceed to Q6.

Q5. Do you remember meeting someone who had a bad cough or a sudden decrease in weight?
[l Yes No

= If “Yes,” please write when and where you met them.

Q6. Please answer the top four places where you have stayed for a long period within the last two
years. Select the number of places from “1. Home,” “2. Company,” “3. School,” “4. Amusement
facility,” and “5. Other place.” Please answer separately for weekdays and holidays. In this
question, “4. Amusement facility” means a place where you feel amused or relaxed (e.g., drinking
spot, karaoke bar, and pachinko parlor).

Weekday Holiday

It
2nd
3rd
4th

Q7. Within “4. Amusement facility” and “5. Other place” of Q6, please write the top three specific
facilities that you have often visited. Please answer separately, divided into weekdays and

holidays.

Name of facility | Frequency of visit | Sojourn time per visit, and visited time zone

lst

2 nd

3rd




3/5

Name of facility Frequency of visit | Sojourn time per visit, and visited time zone

]St

znd

3 rd

Q8. Please check all the transportation that you have used at least once within the last two years.

[ Family car [ Bus [ Train
[l Taxi [1 Chauffeur service [ Plane
(1 Company car [ Car of welfare service ['1 Others ( )

Q9. Please check all the clinical departments where you have visited (including visit the office,

attendance, and see someone) at least once within the last two years.

[ Internal medicine [1 Surgery [1 Dermatology

[l Dentistry ['1 Ophthalmology | Urinology

[ Otorhinolaryngology ['1 Orthopedics | Plastic surgery

(1 Psychiatry [1 Radiology [l Psychosomatic medicine
[ Obstetrics and Gynecology [ Others ( )

Q10. Did you change your residence within the last two years?
[ Yes [1 No

Q11. Have you stayed more than one month at a facility other than your home (e.g., nursing home,
training institute) within the last two years?
L Yes L1 No
= If“Yes,” please write the place(s) and the period(s) that you have stayed.

Q12. Please check all the regions you have visited at least once within the last two years.

Areas of Yamagata other than the residence area: | | Murayama, [ | Mogami, | Oitama, [ | Shonai

[ Miyagi Pref. ['] Fukushima Pref. [ Akita Pref.
(1 Aomori Pref. [1 Iwate Pref. [1 Hokkaido
[ Kanto region [1 Chubu region [ Kinki region
| Chugoku region [1 Shikoku region L1 Kyushu region

= If you checked more than one region, proceed to Q13.

= If you have not visited any region above, proceed to Q14.
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Q13. Within the regions you checked at Q12, please provide details (when and how long did you

visit, etc.) of the top three places that you can recall.

Place Details of visit

lSl

2nd

3 rd

lll. Questions about your lifestyle since you were born

Some people show onset of tuberculosis after a lapse of more than two years (sometimes after
many decades) following an earlier tuberculosis infection. For tuberculosis control, it is very
important for us to consider the places of tuberculosis infection. In this section, please answer

about your lifestyle since you were born.

Q14. Where did you live after you were born? Please mark the undernoted figure after reading the
following notes.
Separate the figure by a vertical line, and write the name of your city (e.g., Tendo, Yamagata).
If you have stayed at foreign countries, write the name of the province (e.g., Yunnan, China).

If you have stayed at a facility such as a nursing home, write the facility address.

Current age years old
0 6 12 18 24 yrs.
I I I S [ I s I s I )
24 30 36 42 48yrs.
I I I s s I s S O
48 54 60 66 72yrs
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QI5. Please check all the workplaces at which you have worked.

[ Medical agency [1 Welfare facility [| Restaurant, drinking spot
['1 Pachinko parlor ['1 School | Cram school
[1 Construction industry [1 Delivery business | Hotel business

Q16. Have you ever gone abroad?
| Yes 'l No

= If “Yes,” please provide some details about when and where you went abroad.

QI17. Please write the schools and workplaces that you attended (or worked). Please turn off an
undernoted figure separating the figure by a vertical line. Write the specific names of schools and

workplaces (e.g., X kindergarten, Y corporation).

0 6 12 18 24yrs.
N S I A s S O A O

24 30 36 42 48yrs.
N S A N A ) s S S A S

48 54 60 66 72yr8
N I I S I I I O A

The questionnaire is finished. Thank you for your cooperation. We would appreciate your further

cooperation with any additional questions.

WiE
WAELE

ERNAD

WHO, 2016



Short Questionnaire
Questionnaire for early findings of tuberculosis

This questionnaire is intended to show us the places where tuberculosis transmissions occur.

Please respond with information about your past lifestyle. We would like to use your cooperation
to decrease tuberculosis infection in Yamagata.

Please feel free to contact us if you have any questions.

Public health center: Tel.: Person in charge:

I. Questions about your lifestyle of the last two years

Most patients show onset of tuberculosis (or have it discovered) within two years of their infection.

In this section, please answer about your lifestyle for the last two years.

QI. Please check the box (/) to all the facilities that you have visited at least once within the last

two years.

[1 Convenience store Drinking spot (e.g., bar, pub)

[ Pachinko parlor Karaoke bar
Parlors of Japanese chess, mah-jong, or Culture lesson (e.g., cooking class, karaoke
game of go class)

[l Theater L[| Barber shop

[ Public bathhouse Religious space (e.g., church, temple)
Internet cafe [ Amusement arcade

[l Indoor sports facility Academy, cram school

[1Welfare facility (e.g., nursing home, [ Neighborhood meeting (e.g., neighborhood
facilities for the disabled) association, volunteer fire company)

[1 Ceremonial function (e.g., bridal, burial) Dormitory for student or office worker

[1 Homes of friends, or close relatives Other place ( )

Q2. Did you change your residence within the last two years?
[ Yes [1 No

Q3. Have you stayed more than one month at a facility other than your home (e.g., nursing home,
training institute) within the last two years?
[ Yes I No

Q4. Please check all the transportation that you have used at least once within the last two years.
Family car [ Bus (] Train
[ Taxi Chauffeur service ] Plane

[l Company car ['| Car of welfare service [ Others ( )



Q5. Please check all the clinical departments where you have visited (including visit the office,

attendance, and see someone) at least once within the last two years.

[ Internal medicine ['| Surgery ['| Dermatology

[ Dentistry ['| Ophthalmology [} Urinology

['] Otorhinolaryngology ['| Orthopedics [ Plastic surgery

[ Psychiatry [1 Radiology [} Psychosomatic medicine
[] Obstetrics and Gynecology [ | Others ( )

Il. Questions about your lifestyle since you were born

Some people show onset of tuberculosis after a lapse of more than two years (sometimes after
many decades) following an earlier tuberculosis infection. For tuberculosis control, it is very

important for us to consider the places of tuberculosis infection. In this section, please answer

about your lifestyle since you were born.

Q6. Please check all the workplaces at which you have worked.

[ | Medical agency [ Welfare facility || Restaurant, drinking spot
[l Pachinko parlor 1 School Cram school
[1 Construction industry [ Delivery business Hotel business

Q7. Have you ever gone abroad?
] Yes [1 No

Q8. Do you remember any tuberculosis patients around you in the recent past?
(e.g., my grandfather developed tuberculosis)
[l Yes [l No

The questionnaire is finished. Thank you for your cooperation. We would appreciate your further

cooperation with any additional questions.

Wi
WILL

END

WHO, 2016




