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ABSTRACT

Objective: Molecular epidemiology study is a promising tool to understand tuberculosis transmission
dynamics but has not been sufficiently conducted in Asian countries. The aim of this study was to
estimate the proportion of TB cases attributable to recent transmission and to identify the risk
factors of genotype clustering and the development of large clusters within three years in urban
setting in Japan.

Design and setting: Long-term cross-sectional observational study combining the characteristics of
culture-positive TB patients notified to Shinjuku City, Tokyo (2002-2013) with the genotype data of
Mycobacterium tuberculosis.

Primary outcome measure: Genotype clustering rate and association between genotype clustering
status and explanatory variables.

Results: Among 1,025 cases, 515 (50.2%) were in 113 genotype clusters. The overall clustering rate
was 39.2%. The rate was significantly higher in patients aged <40 years (adjusted odds ratio (aOR)
=1.73, 95%Cl=1.23-2.44) , native Japanese (aOR=3.90, 95%Cl=2.27-6.72), fulltime worker (aOR=1.63,
95%Cl=1.17-2.27) and part-time/daily worker (aOR=2.20, 95%Cl=1.35-3.58), those receiving public
assistance (aOR=1.81, 95%ClI=1.15-2.84), and the homeless (aOR=1.63, 95%Cl=1.02-2.62). A
significant predictor of large genotype clusters within three years was a registration interval <2
months between the first two cases in a cluster.

Conclusion: Our results indicated that a large proportion of culture-positive TB patients were
involved in the recent TB transmission chain. Foreign-born persons still have a limited impact on
transmission in the Japanese urban setting. Intensified public health interventions including active
case finding need to focus on those with socioeconomic risk factors that are significantly associated
with tuberculosis transmission and clusters with shorter registration intervals between the first two

cases.
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Article Summary

Strengths and limitations of this study

This study is a one of the longest population-based studies on the molecular epidemiology for
culture-positive notified tuberculosis patients in an Asian large urban setting.

Interview conducted by the experienced public health nurses at the Public Health Center using
standardized questionnaire provided high data quality and less interviewer bias.

We may have underestimated genotype clustering due to the large population flow in and out of the

city.
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INTRODUCTION

Tuberculosis (TB) remains a major public health threat worldwide. An estimated 10 million people
developed TB, and one million died from TB in 2016 worldwide!. Although the majority of cases have
been reported in TB high-burden countries, TB remains a persistent health problem in low- and
middle- burden countries, because it is concentrated in specific vulnerable and hard-to-reach
populations, such as homeless people and foreign-born persons from TB high-burden countries?.
These specific high-risk populations tend to live in large cities where they are seeking jobs, which
potentially poses challenges to TB control in urban areas®*. Many TB low- and middle- burden
countries have recently adopted TB elimination strategies®®, which emphasize the importance of

molecular epidemiology in TB control especially in urban areas?*.

TB molecular genotyping using restriction fragment length polymorphisms (RFLPs) and, recently,
variable numbers of tandem repeats (VNTR) combined with epidemiological information identifies
TB cases possibly involved in the same chain of transmission®. This method differentiates recent
transmission or endogenous reactivation from remote infection, and therefore has revealed that a
substantial proportion of TB cases are due to recent transmission in TB low-burden countries’®. This
method also identifies the proportion of cases attributable to recent transmission and determines
the risk factors for transmission. Moreover, the factors predicting large TB genotype clusters have
been investigated by evaluating the characteristics of the first two cases in the same genotype
clusteri®13, These predictors included socially vulnerable populations and shorter intervals between
the registration dates of the first two cases. However, these population-based molecular
epidemiological studies were limited in some European countries and U.S. and have not been

sufficiently conducted in Asian countries.
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In Japan, a TB middle-burden country, newly notified TB cases have been decreasing from 32,828
(25.8 per 100,000 populations) in 2002 to 17,625 (13.9 per 100,000 populations) in 20164, while TB
outbreaks have been constantly occurring at approximately 40 events annually over the last decade.
This suggests that TB transmission may be occurring in some groups such as homeless people, who
constitute a high-risk group for recent TB transmission in urban areas!. Considering the steady
increase in the proportion of TB cases among foreign-born individuals in Japan (7.9% of all cases in
20161%), transmission between foreign-born persons and local residents must be monitored. In light
of Japan’s transition towards becoming a low-burden country, understanding TB transmission
patterns has become increasingly important. However, few population-based molecular
epidemiological studies have identified the transmission patterns and their risk factors. Additionally,

no study has attempted to evaluate the factors predicting the development of large clusters in Japan.

Therefore, we aimed to estimate the proportion of TB cases attributable to recent transmission, to
identify the risk factors for recent transmission, and to predict the risk factors for the development

of large clusters in the urban setting.

METHODS

Study population

We included all culture-positive TB patients notified in Shinjuku City from September 2002 to
December 2013 as eligible study population in this cross-sectional observational study. This study
was part of a population-based study on DNA fingerprinting surveillance of M. tuberculosis in
Shinjuku City started in 2002. Shinjuku City (18.3 km?2) is one of the most populous (342,867 residents
in 2018'7) cities in Tokyo and it’s TB notification rate was 33.7 per 100,000 people in 20168, which

was higher than the rates in Tokyo and the nation (17.2 and 13.9, respectively'#). Experienced public
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health nurses at the Shinjuku Public Health Center (PHC) interviewed and collected information from
all culture-positive TB patients at the time of registration using standardized questionnaire to avoid

possible interviewer bias. Study variables and definitions are described in Table 1.

Patient and public involvement

Patients or the public were not involved in the design of this study.

DNA fingerprinting and genotype cluster

Clinical isolates from each of the enrolled TB patients were sent to the Research Institute of
Tuberculosis (RIT), Tokyo, where the TB strains were subjected to DNA fingerprinting using insertion
sequence 6110 by RFLP (IS6110-RFLP) analysis?®. IS6110-RFLP and spoligotyping were the standard
methods used in the Shinjuku PHC and were available throughout the study period. The Shinjuku
PHC switched from RFLP to VNTR a few years ago, but many TB cases had RFLP profiles. Thus, we
employed RFLP due to the sufficient sample size. A genotype cluster was defined as >2 isolates with
either (1) 26 1S6110 bands with identical band patterns or (2) <6 1S6110 bands with both identical
IS6110 band patterns and spoligotyping patterns. Details on the data collection and genotyping

method were previously described?.

Data analysis

We calculated the genotype clustering rate by the “n-1 method” according to the formula {(n - ¢)/N},
where N is the total number of cases sampled, c is the number of clusters, and n is the total number
of cases in the clusters®. We also calculated the cumulative clustering rate by calculating the
clustering rate in 2002 and then adding the TB patients every year up to 2013. The characteristics of

clustered cases, which were the cases belonging to any genotype clusters, were compared with those
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with unique strain patterns using x? tests. We performed univariate logistic regression to identify risk
factors for genotype clustering using odds ratios (ORs) and multivariate logistic regression including
variables selected by the stepwise maximum-likelihood estimation with a significance level of less

than 0.2 using adjusted ORs (aORs). Potential interactions were assessed using likelihood ratio tests.

Additionally, we compared the characteristics of the first two cases in each genotype cluster to
predict the risk factors for the development of a large cluster within three years. For this purpose, a
cluster episode was defined as newly arising genotype clusters in and after 2003 without any TB cases
of that genotype notified prior to that year. We classified cluster episodes into two groups according
to the system in a previous study9; (1) “large clusters within three years,” were cluster episodes with
five or more cases (large clusters) occurring within three years, and (2) “small clusters and large
clusters after three years,” were cluster episodes with two to four cases (small clusters) and cluster
episodes that became large clusters after three years. We identified the first two cases in each cluster
episode and compared their characteristics between these two groups. We performed univariate
and multivariate logistic regression analyses to identify predictors of the development of large

clusters within three years.

A p-value of 0.05 was set as the statistically significant level. If there are variables with missing values
exceeding 5%, the multiple imputation method is considered. We used Stata version 12 (Stata Corp.,
College Station, TX, USA) for the statistical analysis. Written informed consent was waivered because
DNA fingerprinting analysis was part of the routine TB control activities in Shinjuku City. However,
oral informed consent was obtained after the PHC staff gave a thorough explanation of study
objectives and confidentiality. The study protocol was approved by the Institutional Review Board of

the Research Institute of Tuberculosis (RIT/IRB27-9).
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RESULTS

Study population and clustering rate

In total, 1,885 TB patients were notified in Shinjuku City during the study period, and 1,310 were
culture-positive cases (Figure 1). Of those, 285 patients were excluded from the analysis, mainly due
to the unavailability of culture-positive isolates and lack of implementation of RFLP. Finally, 1,025
(78.2%) patients were included in the analysis. Figure 2 shows the cumulative number of TB patients
and clustering rates from 2002 to 2013. The number gradually increased over a decade, while the
cumulative clustering rates sharply increased in the first four years, from 10% in 2002 to 28% in 2005,
with an average percent change of +43%; the clustering rates continues to increase but at a slower

rate, from 30% in 2006 to 39% in 2013, with an average percent change of +4.2%.

We identified a total of 113 genotype clusters consisting of 515 (50.2%) patients (Figure 1), and the
genotype clustering rate was 39.2%. The average cluster size was 4.56 cases (range 2-30). There were
57 (50.4%) genotype clusters consisting of only two TB patients, and 36 (31.9%) genotype clusters
had five or more TB patients. We further investigated the status of homelessness and place of birth
among genotype clustered cases. Of the 113 genotype clusters, 45 (39.8%) comprised only
nonhomeless individuals, 7 (6.2%) only homeless individuals, and 61 (54.0%) both homeless and
nonhomeless individuals (mixed cluster). We compared the characteristics of nonhomeless patients
in clusters of only nonhomeless patients and those in mixed clusters. While the finding was not
statistically significant (Pearson x? test, p=0.17) proportion of nonhomeless patients receiving public
assistance in the latter group (13.8%) was higher than those in the former group (8.8%). There were
no differences between the two groups regarding sex, age, and place of birth. Of the 113 genotype

clusters, 94 (83.2%) consisted of only individuals born in Japan, 2 (1.8%) consisted of only foreign-

10
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born individuals, and 17 (15.0%) consisted of both.

Factors associated with genotype clustering

Clustered cases were significantly more likely to be male (OR=1.62), Japan-born (OR=3.74), receiving
public assistance (OR=2.25), homelessness (OR=2.45), misusing alcohol (OR=1.37), and engaging in
fulltime work (OR=1.53), part-time/daily work (OR=2.29), and Jobless aged 15-59-year-old (OR=2.05)
(Table 2). A significant interaction among the explanatory variables was not identified. The
multivariate analysis demonstrated that the factors associated with genotype clustering were age
<40 years old (aOR=1.73, 95%Cl=1.23-2.44), Japan-born (aOR=3.90, 95%Cl=2.27-6.72) , engaging in
fulltime work (aOR=1.63, 95%Cl=1.17-2.27) and part-time/daily work (aOR=2.20, 95%Cl=1.35-3.58),
receiving public assistance (aOR=1.81, 95%Cl=1.15-2.84), and homelessness (aOR=1.63, 95%CI=1.02-

2.62)(Table 3).

We further investigated the temporal trends in the characteristics of genotype clustered cases. The
number of all homeless cases and their proportion among all study cases decreased (Figure 3A and
Figure 3B), while the proportion of genotype clustered cases among the homeless increased over
time (Figure 3B). No typical trend was observed among those who were foreign-born, receiving

public assistance, misusing alcohol, and occupation (data not shown).

Factors associated with large genotype clustering within three years

We identified 104 genotype cluster episodes according to the definition. Of these, 14 were “large
clusters within three years”, which was equivalent to 13.5% (14/104) of all genotype clusters and
48.3% (14/29) of large genotype clusters, and 90 clusters were “small clusters and large clusters after

three years”. The univariate analysis indicated that clusters with registration intervals of 0-2 months
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were 9.51 times more likely to become large genotype clusters within three years compared with
clusters with registration intervals of 212 months (Table 4). After selecting variables by the stepwise

method, only the variable of registration interval remained for the multivariate model.

DISCUSSION

In this long-term population-based study, we included 1,025 patients and identified a total of 113
genotype clusters, and the genotype clustering rate was 39.2%. Our results indicated that clustered
cases were more likely to have socioeconomic risk factors, namely, being homeless, receiving public
assistance, and having an unstable job at tuberculosis diagnosis. A shorter registration interval
between the first two cases was a statistically significant predictor of the development of a large

genotype cluster within three years.

Clustering rate

We identified 515 (50.2%) genotype clustered cases and estimated a clustering rate of 39.2%. The
rate was the same as the pooled clustering rate (40.9%) reported in the meta-analysis of population-
based studies of TB low-incidence countries?®. However, it was different from previous estimates in
Japanese studies, which were 27.6% in Shinjuku and 24.6% in Osaka'>?!. As the meta-regression
analysis clarified that longer study durations increase the clustering rate??, this difference could be
due to shorter study durations together with smaller sample sizes in the previous studies (388
patients in five years and 195 patients in one year, respectively). In our study, the cumulative
clustering rate rapidly increased in the first four years and increased more slowly thereafter, which

is a similar trend to studies in the U.S. and Malawi?2:23,

Factors associated with genotype clustering

12
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Our results indicated that clustered cases were more likely to have socioeconomic risk factors,
namely, being homeless, receiving public assistance, and having an unstable job at TB diagnosis.
Similarly, previous studies suggested that being homeless significantly contributed to clustering in
Shinjuku City® and other counties?. In our study, more than half of the genotype clusters were
mixtures of nonhomeless and homeless patients. Moreover, the nonhomeless patients in the mixed
clusters tended to be financially unstable, with a higher proportion receiving public assistance than
those among clusters of only nonhomeless cases, which could imply that relatively poor

nonhomeless patients share activity spaces with homeless patients, such as urban areas around the

large train stations that were reported as significant hotspots for homeless patients in Shinjuku City?.

An analysis of the time trend of clusters involving the homeless showed that the proportion of
clustered cases among the total homeless patients increased over the study period. These findings
could suggest that contact investigations of homeless TB patients need to be actively expanded to

possible contact persons who are nonhomeless, especially those who are in financial difficulty.

The meta-analysis based on studies in European countries where foreign-born patients substantially
contribute to TB epidemiology reported the range of the proportion of mixed clusters composed of
native and foreign-born patients (0% to 36.5%) and concluded that foreign-born patients did not
have a significant influence on TB in the native population?>. In our study, the proportion of mixed
clusters (15.0%) fell into this range. Thus, the impact of TB transmission between native and foreign-
born populations was probably still limited in this urban setting?6. However, considering the recent
increase in immigrant TB patients in urban cities, TB transmission between native and foreign-born

populations needs to be closely monitored.

Factors associated with large genotype clustering within three years
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A shorter registration interval (€2 months) was a significant predictor of the development of a large
genotype cluster within three years, which is compatible with findings of previous studies in the
Netherlands and London?%12, Therefore, when TB patients with identical genotypes have shorter
registration intervals, thorough active case findings need to be considered to investigate potential
infection sources and infected patients to prevent further transmission. On the other hand, it is
difficult to assume that the first patient infected the second patient because the window of two
months seems too short. Thus, we think that there may be a true but unidentified first case that our
study did not identify. A cluster episode was defined as a cluster without any TB patients in 2002 and
at least two patients with identical genotypes in and after 2003. Therefore, a possible true first case
may have been registered before 2002, which was outside of our study period, or registered outside

of Shinjuku City.

Limitations

Our study has some limitations. First, the study population consisted only of TB patients living in
Shinjuku City. Considering the large population flow in and out of the city, as we mentioned above,
we potentially missed patients living outside of the city who shared TB strain types with patients
living in the city. Actually, previous Japanese studies reported that there are clusters with TB patients
living across broad geographic areas?’. Consequently, we may have underestimated genotype
clustering. Second, even TB patients with identical genotyping patterns may not suggest recent
transmission if the strain is a nationwide endemic TB strain?®. As a result, this could have led to an
overestimated clustering rate. Lastly, IS6110 RFLP has relatively lower discriminatory power

compared with VNTR?%, which may have led to overestimation.

Conclusion

14
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This study is a one of the longest-term studies on molecular epidemiology for notified tuberculosis
patients in an Asian large urban setting. Our results indicated that a large proportion of culture-
positive TB patients were involved in the recent TB transmission chain. Homeless persons were
involved in more than half of the genotype clusters. For foreign-born persons, they still have a limited
impact on transmission in the Japanese urban setting, but considering recent increases in foreign-
born TB patients, transmission between native and foreign-born populations should be routinely
evaluated. Intensified public health interventions, such as active case findings, may focus on those
who have socioeconomic risk factors that are significantly associated with TB transmission and
clusters with shorter registration intervals between the first two cases, which are predictors of the

development of large clusters within three years.
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Category

Variables

Definition

Demographic factors

Sex

Age

Country of birth

Men or women

Age as years old at registration (240 or <40)

Japan-born or foreign-born persons

Social factors

Occupation

Receipt of public assistance

Homelessness status

Alcohol misuse

Fulltime, Part-time/daily worker, jobless under 60 years old, or

others (including infant, student, housewife, retired, unknown)

Those who receive government welfare benefits for those whose

household income is below the minimum living expense at

registration

Those whose legal address is unknown or not stable at least in the

last two years at registration

Those who have excessive drinking practice judged by the public

health nurses

Clinical factors

Site of disease

Cavity lesions

Sputum smear microscopy

Past TB history

Status of diabetes mellitus

Those who have pulmonary or extra pulmonary disease

Those who have cavity lesions in lung field on chest radiography

Those who have positive or negative result in sputum smear

microscopy test

Those who have history of past TB treatment

Those who have diabetes mellitus status by the patient’s self-

report

Others

Mode of detection

Those who found through active case finding conducted by public

health centers
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Status of patient delay

Status of doctor delay

Status of total delay

Registration interval

BMJ Open

A time between the onset of symptoms and the initial doctor visit

longer than two months

A time between the initial doctor visit and diagnosis longer than

one month

A time between onset of symptoms and TB diagnosis longer than

three months

The duration in months between the registration dates of the first

two cases in each of the genotype clusters
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409 Table 2. Factors associated with TB genotype clustering; univariable logistic regression analysis, RFLP,

410 Shinjuku 2002-2013

Total number of Clustered OR (95% ClI) p-value
cases (N=1025), cases
n (N=515),
n (%)
Age (years old) 1025
240 754 371 (49.2) Reference
<40 271 144 (53.1) 1.17 (0.88-1.56) 0.267
Sex 1025
Female 248 102 (41.1) Reference
Male 777 413 (53.2) 1.62 (1.20-2.19) 0.001**
Country of birth 1025
Foreign 95 22 (23.2) Reference
Japan 930 493 (53.0) 3.74 (2.25-6.44) <0.001***
Occupation 1025
Fulltime worker 313 165 (52.7) 1.53 (1.15-2.05) 0.004**
Part-time/daily 96 60 (62.5) 2.29 (1.45-3.61) <0.001***
worker
Jobless aged 15-59- 172 103  (59.9) 2.05 (1.43-2.94) <0.001***
year-old
Others * 444 187 (42.1) Reference
Public Assistance * 1024
No 720 319 (44.3) Reference
23
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Yes 304 195 (64.1) 2.25 (1.69-3.00) <0.001***
Homelessness 1025

No 776 349 (45.0) Reference

Yes 249 166 (66.7) 2.45 (1.80-3.34) <0.001***
Alcohol misuse $ 1025

No 761 367 (48.2) Reference

Yes 264 148 (56.1) 1.37 (1.02-1.83) 0.028*
TB site 1024

Extra-pulmonary 80 32 (40.0) Reference

Pulmonary 944 482 (51.1) 1.56 (0.96-2.58) 0.058
Cavity lesions 1023

No 565 271 (48.0) Reference

Yes 458 243 (53.1) 1.23 (0.95-1.58) 0.105
Smear results 1024

Negative 406 192 (47.3) Reference

Positive 618 322 (52.1) 1.21 (0.94-1.57) 0.132
Past TB history 989

New 880 441 (50.1) Reference

Retreatment 109 59 (54.1) 1.17 (0.77-1.79) 0.429
DM 1005

No 832 421 (50.6) Reference

Yes 173 86 (49.7) 0.97 (0.69-1.36) 0.831
Active case finding 1025

No 842 412 (48.9) Reference
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Patient delay
11 <2m
13 22m
15 Doctor delay
<1im
20 =1m
22 Total delay
24 <3m

23m

183

1000

773

227

1018

799

219

997

7

220

103

377

127

415

97

382

122

(56.3)

(48.8)

(55.9)

(51.9)

(44.3)

(49.2)

(55.5)

1.34

Reference

1.33

Reference

0.74

Reference

1.29

(0.96-1.88)

(0.98-1.82)

(0.54-1.00)

(0.94-1.76)

0.071

0.057

0.045*

0.099

29 411 RFLP: restriction fragment length polymorphism, OR: odds ratio, Cl: confidence interval, TB:

31 412 tuberculosis, DM: diabetes mellitus, *p<0.05, **p<0.01, ***p<0.001

33 413 TOccupation of others includes infant, student, housewife, retired, and unknown.

38 415 below the minimum living expense.

414 ! Public Assistance refers to government welfare benefits for those whose household income is

40 416 5 Alcohol misuse means excessive drinking practice judged by the public health nurses conducting

42 417 the interviews.

418

47 419

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

25


http://bmjopen.bmj.com/

oNOYTULT D WN =

420

421

422

423

424

425

426

BMJ Open

Table 3. Factors associated with TB clustering; multivariate logistic regression analysis, RFLP, Shinjuku

2002-2013
Variables aOR (95% ClI) p-value
Age (years old) 240 Reference
<40 1.73 (1.23-2.44) 0.002**
Country of birth Foreign Reference
Japan 3.90 (2.27-6.72) <0.001***
Occupation Fulltime worker 1.63 (1.17-2.27) 0.004**
Part-time/daily worker 2.20 (1.35-3.58) 0.002**
Jobless aged 15-59-year-old  1.32 (0.88-1.97) 0.180
Others Reference
Public Assistance * No Reference
Yes 1.81 (1.15-2.84) 0.011*
Homeless No Reference
Yes 1.63 (1.02-2.62) 0.042*
Alcohol misuse $ No Reference
Yes 1.29 (0.79-2.11) 0.311
Active case finding No Reference
Yes 1.39 (0.98-1.99) 0.066

RFLP: restriction fragment length polymorphism, aOR: adjusted odds ratio, Cl: confidence interval,

*p<0.05, **p<0.01, ***p<0.001

TOccupation of others includes infant, student, housewife, retired, and unknown.

! Public Assistance refers to government welfare benefits for those whose household income is

below the minimum living expense.
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5 Alcohol misuse means excessive drinking practice judged by the public health nurses conducting

the interviews.
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430 Table 4. Analysis of factors associated with large genotype clusters within three years using the

431 characteristics of the first two cases in each TB genotype cluster; univariable and multivariable

432 logistic regression, RFLP, Shinjuku 2003—2013 (N=104 cluster episodes)

Page 28 of 37

Small clusters

Univariate logistic regression

Large clusters
and large
within 3 vyears
Variable clusters after 3
(N=14), OR (95% ClI) p Value
years (N=90),
n (%)t
n (%)
Sex
No male 1 (7.1) 4 (4.4) Ref
=0One male 13 (92.9) 86 (95.6) 0.60 (0.06-5.84) 0.664
Age
No cases <40 years 8 (57.1) 57 (63.3) Ref
At least one case <40 years 6 (42.9) 33 (36.7) 1.30 (0.41-4.06) 0.657
Japanese
Non-Japan born 0 (0.0) 2 (22) Ref
=0ne case Japan born 14 (100.0) 88 (97.8) NA
Full- and part-time/daily worker
No case being full- and part-time/daily worker 6 (42.9) 35 (38.9) Ref
20ne case being full- and part-time/daily worker 8 (567.1) 55 (61.1) 0.85 (0.27-2.65) 0.778
Public Assistance
No case with public assistance 5 (35.7) 41 (45.6) Ref
20ne case with public assistance 9 (64.3) 49 (54.4) 1.51 (0.47-4.85) 0.492
Homeless
28
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No case with currently homeless 6 (42.9) 45 (50.0) Ref

=0ne case with currently homeless 8 (567.1) 45 (50.0) 1.33 (0.43-4.15) 0.620
Alcohol misuse

No case with alcohol misuse 5 (35.7) 48 (53.3) Ref

>0ne case with alcohol misuse 9 (64.3) 42 (46.7) 2.06 (0.64-6.62) 0.227
Cavity lesions

No case with cavity 2 (14.3) 24 (26.7) Ref

20ne case with cavity 12 (85.7) 66 (73.3) 2.18 (0.45-10.47) 0.330
Smear results

No case with smear positive 1 (7.1) 12 (13.3) Ref

>0ne case with smear positive 13 (92.9) 78 (86.7) 2.00 (0.24-16.71) 0.522
Past TB history

No case with past TB history 11 (78.6) 69 (76.7) Ref

=0One case with past TB history 3 (21.4) 21 (23.3) 0.90 (0.23-3.52) 0.875
DM

No case with DM 9 (64.3) 57 (63.3) Ref

20One case with DM 5 (35.7) 33 (36.7) 0.96 (0.30-3.11) 0.945
Active case finding

No case found through active case finding 8 (57.1) 53 (58.9) Ref

>0One case found through active case finding 6 (42.9) 37 (41.1) 1.07 (0.34-3.35) 0.902
Patient delay

No case with patient delay 9 (64.3) 55 (61.1) Ref

>0ne case with patient delay 5 (35.7) 35 (38.9) 0.87 (0.27-2.82) 0.820
Doctors delay
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No case with doctor delay 10 (71.4) 57 (63.3) Ref

=0One case with doctor delay 4 (28.6) 33 (36.7) 0.69 (0.20-2.38) 0.558
Total delay

No case with total delay 10 (71.4) 53 (58.9) Ref

>0ne case with total delay 4 (28.6) 37 41.1) 0.57 (0.17-1.97) 0.376
Registration interval

0-2 months between first two cases 7 (50.0) 13 (14.4) 9.51 (2.16-41.89) 0.003**

3-5 months between first two cases 2 (14.3) 5 (5.6) 7.07 (0.95-52.77) 0.057

6-11 months between first two cases 2 (14.3) 19 (21.1) 1.86 (0.29-12.00) 0.514

=212 months between first two cases 3 (21.4) 53 (58.9) Ref

433 Note. After selecting variables for multivariate logistic regression by the stepwise method, only the

434 variable of registration interval remained in the model. Thus, the table shows only the result of

435 univariate logistic regression.

436 RFLP: restriction fragment length polymorphism, OR: odds ratio, aOR: adjusted odds ratio, Cl:

437 confidence interval, TB: tuberculosis, DM: diabetes mellitus, Ref: reference, NA: not applicable,

438 *p<0.05, **p<0.01

439 T “Large clusters within three years” were cluster episodes with five or more cases (large clusters)

440 within three years

441 * “Small clusters and large clusters after three years”, which were cluster episodes with two to four

442 cases (small clusters) and cluster episodes that became large clusters after three years.

443

444
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Figure legend

Figure 1. Number of reported cases of TB, including culture-positive cases, strain-typed cases and
genotype clusters, Shinjuku, 2002—-2013

RFLP: restriction fragment length polymorphism, TB: tuberculosis

Figure 2. Cumulative clustering rate, RFLP, Shinjuku 2002—-2013

RFLP: restriction fragment length polymorphism

Figure 3. Time series of the number (A) and proportion (B) of clustered homeless cases, RFLP,
Shinjuku 2003-2012

RFLP: restriction fragment length polymorphism

Note. The 2002 and 2013 data were omitted because of the small total number of cases (31 and 23
cases, respectively). The percentage of clustered cases among the homeless was calculated as the
number of clustered homeless cases divided by the number of all homeless cases, and the
percentage of the homeless among all study cases was calculated as the number of homeless cases

divided by the number of all study cases.
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1,885 TB cases notified at the Shinjuku city, 2002-2013

A 4

1,310 culture positive TB cases

A 4

1,025 cases examined by RFLP

P 510 TB cases with unique strain

A 4

515 TB cases in 113 clusters containing 2 2 TB cases
» 185 TB cases in 77 clusters containing 2-4 TB cases (small clusters)
+ 330 TB cases in 36 clusters containing = 5 TB cases (large clusters)

+184 TB cases in 17 clusters containing = 5 TB cases
within 3 years (large clusters within 3 years)

* 146 TB cases in 19 clusters containing = 5 TB cases
after 3 years (large clusters after 3 years)

Figure 1. Number of reported cases of TB, including culture-positive cases, strain-typed cases and genotype

clusters, Shinjuku, 2002-2013
RFLP: restriction fragment length polymorphism, TB: tuberculosis

90x90mm (600 x 600 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 32 of 37

yBuAdoo Aq paloalold 1senb Aq 20z ‘8T Udy uo /wod" (g uadolwg//:dny woij papeojumoq "6T0Z ABIN 6 U0 G62620-6T0Z-Uadolwag/9eTT 0T S paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

Page 33 of 37

oNOYTULT D WN =

Cumulative number of cases (bar)

BMJ Open

1,000

800

600

400

200

Accumulated years

Figure 2. Cumulative clustering rate, RFLP, Shinjuku 2002-2013
RFLP: restriction fragment length polymorphism
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Figure 3. Time series of the number (A) and proportion (B) of clustered homeless cases, RFLP, Shinjuku
2003-2012
RFLP: restriction fragment length polymorphism

Note. The 2002 and 2013 data were omitted because of the small total number of cases (31 and 23 cases,

respectively). The percentage of clustered cases among the homeless was calculated as the number of
clustered homeless cases divided by the number of all homeless cases, and the percentage of the homeless
among all study cases was calculated as the number of homeless cases divided by the number of all study

cases.
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Figure 3. Time series of the number (A) and proportion (B) of clustered homeless cases, RFLP, Shinjuku
2003-2012
RFLP: restriction fragment length polymorphism

Note. The 2002 and 2013 data were omitted because of the small total number of cases (31 and 23 cases,

respectively). The percentage of clustered cases among the homeless was calculated as the number of
clustered homeless cases divided by the number of all homeless cases, and the percentage of the homeless
among all study cases was calculated as the number of homeless cases divided by the number of all study

cases.
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ABSTRACT

Objective: Molecular epidemiology is a promising tool for understanding tuberculosis transmission
dynamics but has not been sufficiently utilized in Asian countries including Japan. The aim of this
study was to estimate the proportion of TB cases attributable to recent transmission and to identify
risk factors of genotype clustering and the development of large clusters within three years in an
urban setting in Japan.

Design and setting: Long-term cross-sectional observational study combining the characteristics of
culture-positive TB patients notified in Shinjuku City, Tokyo (2002-2013), with genotype data of
Mycobacterium tuberculosis.

Primary outcome measure: Genotype clustering rate and association between genotype clustering
status and explanatory variables.

Results: Among 1,025 cases, 515 (50.2%) were localized within 113 genotype clusters. The overall
clustering rate was 39.2%. Significantly higher rates were found in patients aged <40 years (adjusted
odds ratio (aOR)=1.73, 95% Cl=1.23-2.44), native Japanese individuals (aOR=3.90, 95% C|=2.27-6.72),
fulltime workers (aOR=1.63, 95% Cl=1.17-2.27), part-time/daily workers (aOR=2.20, 95% Cl=1.35-
3.58), individuals receiving public assistance (aOR=1.81, 95% Cl=1.15-2.84), and homeless people
(aOR=1.63, 95% Cl=1.02-2.62). A significant predictor of large genotype clusters within three years
was a registration interval £2 months between the first two cases in a cluster.

Conclusion: Our results indicated that a large proportion of culture-positive TB patients were
involved in the recent TB transmission chain. Foreign-born persons still have a limited impact on
transmission in the Japanese urban setting. Intensified public health interventions, including the
active case finding, need to focus on individuals with socioeconomic risk factors that are significantly
associated with tuberculosis transmission and clusters with shorter registration intervals between

the first two cases.
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Article Summary

Strengths and limitations of this study

* This study is one of the longest population-based studies focusing on the molecular
epidemiology of culture-positive notified tuberculosis patients in a large Asian urban setting.

* Interviews conducted by the experienced public health nurses at the Public Health Center using
a standardized questionnaire provided high-quality data and less interviewer bias.

*  We may have underestimated genotype clustering due to the large population flow in and out

of the city.
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INTRODUCTION

Tuberculosis (TB) remains a major public health threat worldwide. In 2017, an estimated 10 million
people worldwide developed TB, and 1.27 million died from TB?. Although the majority of cases have
been reported in countries with a high TB burden, TB remains a persistent health problem in low-
and medium-burden countries because it is concentrated in specific vulnerable and hard-to-reach
populations, such as homeless people and foreign-born persons from TB high-burden countries?.
These specific high-risk populations tend to live in large cities where they are seeking jobs, which
potentially poses challenges to the control of TB in urban areas®*. Many countries with a low or
medium TB burden have recently adopted TB elimination strategies®, which emphasizes the

importance of molecular epidemiology in TB control, particularly in urban areas?.

TB molecular genotyping using restriction fragment length polymorphisms (RFLPs) and, more
recently, variable numbers of tandem repeats (VNTRs) combined with epidemiological information
identifies TB cases that are likely involved in the same transmission chain®. This method differentiates
recent transmission or endogenous reactivation from remote infection and has therefore revealed
that a substantial proportion of TB cases are due to recent transmission in low-TB-burden countries’~
°. This method also identifies the proportion of cases attributable to recent transmission and
determines the risk factors for transmission. Moreover, various factors predicting large TB genotype
clusters, including socially vulnerable populations and shorter intervals between the registration
dates of the first two cases, have been investigated by evaluating the characteristics of the first two
cases in the same genotype cluster®13, These population-based molecular epidemiological studies

were conducted in some European countries®1912 the U.S.7211 and some Asian countries4-19,

In Japan, a country with a medium TB burden, the number of newly notified TB cases decreased from
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32,828 (25.8 per 100,000 populations) in 2002 to 17,625 (13.9 per 100,000 populations) in 20162,
but the central government has constantly been reported of TB outbreaks by local governments at a
rate of approximately 40 events annually over the last decade. This information suggests that TB
transmission might be occurring in some groups, such as homeless people, who constitute a high-
risk group for recent TB transmission in urban areas'®. Considering the steady increase in the
proportion of TB cases among foreign-born individuals in Japan (7.9% of all cases in 2016%%),
transmission between foreign-born persons and local residents must be monitored. In addition, in
light of Japan’s transition toward becoming a low-TB-burden country, understanding TB transmission
patterns has become increasingly important. However, few population-based molecular
epidemiological studies have identified the transmission patterns in Japan and their risk factors.
Additionally, no study has attempted to evaluate the factors predicting the development of large

clusters in Japan.

Therefore, we aimed to estimate the proportion of TB cases attributable to recent transmission, to
identify the risk factors for recent transmission, and to predict the risk factors for the development

of large clusters in an urban setting.

METHODS

Study population

We included all culture-positive TB patients notified in Shinjuku City from September 2002 to
December 2013 as the eligible study population in this cross-sectional observational study. This study
forms part of a population-based study on DNA fingerprinting surveillance of M. tuberculosis in
Shinjuku City that was started in 2002. Shinjuku City (18.3 km?) is one of the most populous (342,867

residents in 20182?) cities in Tokyo, and its TB notification rate in 2016 was 33.7 per 100,000 people?,
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which was higher than the rates in Tokyo and the nation (17.2 and 13.9, respectively?°). Experienced
public health nurses at the Shinjuku Public Health Center (PHC) interviewed and collected
information from all culture-positive TB patients at the time of registration using a standardized
guestionnaire to avoid possible interviewer bias. The study variables and definitions are described in

Table 1.

Patient and public involvement

Neither the patients nor the public were involved in the design of this study.

DNA fingerprinting and genotype cluster

Clinical isolates from each of the enrolled TB patients were sent to the Research Institute of
Tuberculosis (RIT), Tokyo, where the TB strains were subjected to DNA fingerprinting using insertion
sequence 6110 by RFLP (IS6110-RFLP) analysis?*. One clinical isolate per person was used for the
clustering analysis. 1IS6110-RFLP and spoligotyping are the standard methods used in the Shinjuku
PHC and were available throughout the study period. The Shinjuku PHC switched from RFLP to VNTR
a few years ago, but the RFLP profiles of many TB cases were available. Thus, we employed RFLP due
to the sufficient sample size. A genotype cluster was defined as a group of TB patients whose isolates
showed either (1) 26 identical I1S6110 band patterns or (2) <6 identical 1S6110 band patterns
confirmed by identical spoligotyping patterns. The data collection and genotyping methods were

previously described in detail'4.

Data analysis

We calculated the genotype clustering rate by the “n-1 method” according to the formula {(n - c)/N},

where N is the total number of cases sampled, c is the number of clusters, and n is the total number
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of cases in the clusters®. We also calculated the cumulative clustering rate by calculating the
clustering rate in 2002 and then adding the TB patients every year up to 2013. The characteristics of
clustered cases, which were the cases belonging to any genotype clusters, were compared with those
with unique strain patterns through x2 tests. We performed univariate logistic regression to identify
risk factors for genotype clustering using odds ratios (ORs) and multivariate logistic regression using

adjusted ORs (aORs). Any potential interactions were assessed using likelihood ratio tests.

Additionally, we compared the characteristics of the first two cases in each genotype cluster to
identify risk factors for the development of a large cluster within three years. For this purpose, a
cluster episode was defined as a newly arising genotype cluster in or after 2003 without any TB cases
of that genotype notified prior to that year. We classified cluster episodes into the following two
groups according to a system developed in a previous study: (1) “large clusters within three years”
were cluster episodes with five or more cases (large clusters) occurring within three years and (2)
“small clusters and large clusters after three years” were cluster episodes with two to four cases
(small clusters) and cluster episodes that became large clusters after three years. We identified the
first two cases in each cluster episode based on the notification date and compared their
characteristics between these two groups. We performed univariate and multivariate logistic

regression analyses to identify predictors of the development of large clusters within three years.

A p-value of 0.05 was set as the level indicating statistical significance. For variables with more than
5% missing values, the multiple imputation method was considered. The variables used for
multivariate logistic regressions were selected by the stepwise maximum-likelihood estimation with
a significance level of less than 0.2. We used Stata version 12 (Stata Corp., College Station, TX, USA)

for the statistical analyses. Written informed consent was waived because DNA fingerprinting
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analysis forms part of the routine TB control activities in Shinjuku City. However, oral informed
consent was obtained after the PHC staff provided a thorough explanation of the study objectives
and confidentiality. The study protocol was approved by the Institutional Review Board of the

Research Institute of Tuberculosis (RIT/IRB27-9).

RESULTS

Study population and clustering rate

In total, 1,885 TB patients in Shinjuku City were notified during the study period, and 1,310 were
culture-positive cases (Figure 1). Of these, 285 patients were excluded from the analysis, mainly due
to the unavailability of culture-positive isolates and the lack of implementation of RFLP. As a result,
1,025 (78.2%) patients were included in the analysis. Figure 2 shows the cumulative number of TB
patients and the clustering rates from 2002 to 2013. The number of TB cases gradually increased
over the tested decade. In contrast, the cumulative clustering rates sharply increased in the first four
years, from 10% in 2002 to 28% in 2005, with an average percent change of +43%, and then
continued to increase at a slower rate, from 30% in 2006 to 39% in 2013, with an average percent

change of +4.2%.

We identified a total of 113 genotype clusters consisting of 515 (50.2%) patients (Figure 1). The
genotype clustering rate was 39.2%, and the average cluster size was 4.56 cases (range 2-30). Fifty-
seven (50.4%) genotype clusters consisted of only two TB patients, and 36 (31.9%) genotype clusters
had at least five TB patients. We further investigated the homelessness status and place of birth of
the patients in the genotype clusters. Of the 113 genotype clusters, 45 (39.8%) comprised only
nonhomeless individuals, seven (6.2%) included only homeless individuals, and 61 (54.0%) contained

both homeless and nonhomeless individuals (mixed cluster). We compared the characteristics of the

10
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nonhomeless patients in the clusters of only nonhomeless patients with those in the mixed clusters,
and although the finding was not statistically significant (Pearson x?2 test, p=0.17), the proportion of
nonhomeless patients receiving public assistance in the latter group (13.8%) was higher than that in
the former group (8.8%). No differences in sex, age, and place of birth were found between the two
groups. Of the 113 genotype clusters, 94 (83.2%) consisted of only individuals born in Japan, two
(1.8%) consisted of only foreign-born individuals, and 17 (15.0%) consisted of both individuals born

in Japan and foreign-born individuals.

Factors associated with genotype clustering

The clustered cases were significantly more likely to consist of male individuals (OR=1.62, 95%
Cl=1.20-2.19), Japan-born individuals (OR=3.74, 95% Cl=2.25-6.44), individuals receiving public
assistance (OR=2.25, 95% ClI=1.69-3.00), homeless individuals (OR=2.45, 95% CI=1.80-3.34),
individuals who misuse alcohol (OR=1.37, 95% CI=1.02-1.83), individuals engaging in fulltime work
(OR=1.53, 95% CI=1.15-2.05) and part-time/daily work (OR=2.29, 95% Cl=1.45-3.61), and jobless
individuals aged 15-59 years (OR=2.05, 95% Cl=1.43-2.94) (Table 2). A significant interaction among
the explanatory variables was not detected. The multivariate analysis demonstrated that the factors
associated with genotype clustering were age <40 years (aOR=1.73, 95% CI=1.23-2.44), born in Japan
(aOR=3.90, 95% Cl=2.27-6.72), working fulltime (aOR=1.63, 95% ClI=1.17-2.27), having part-
time/daily work (aOR=2.20, 95% Cl=1.35-3.58), receiving public assistance (aOR=1.81, 95% Cl=1.15-

2.84), and homelessness (aOR=1.63, 95% CI=1.02-2.62)(Table 3).

Factors associated with large genotype clustering within three years

We identified 104 genotype cluster episodes according to the definition. Of these, 14 were “large

clusters within three years”, which was equivalent to 13.5% (14/104) of all the genotype clusters and
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48.3% (14/29) of the large genotype clusters, and 90 clusters were “small clusters and large clusters
after three years”. The univariate analysis indicated that clusters with registration intervals of 0-2
months were 9.51 times more likely to become large genotype clusters within three years compared
with clusters with registration intervals of 212 months (Table 4). After selecting variables using the

|"

stepwise method, only the “registration interval” variable remained for the multivariate model.
DISCUSSION

In this long-term population-based study, we included 1,025 patients, identified a total of 113
genotype clusters, and obtained a genotype clustering rate of 39.2%. Our results indicated that the
clustered cases were more likely to have certain socioeconomic predictive factors, namely, being
homeless, receiving public assistance, and having an unstable job, at the time of tuberculosis
diagnosis. A shorter registration interval between the first two cases was a statistically significant

predictor of the development of a large genotype cluster within three years.

Clustering rate

We identified 515 (50.2%) genotype clustered cases and estimated a clustering rate of 39.2%. The
rate was the same as the pooled clustering rate (40.9%) obtained in a previous meta-analysis of
population-based studies of countries with a low TB incidence®? but differed from previous estimates
obtained in Japanese studies, which were 27.6% in Shinjuku and 24.6% in Osaka!%?°. Because the
meta-regression analysis clarified that longer study durations are associated with an increased
clustering rate!?, this difference could be due to shorter study durations combined with the smaller
sample sizes of the previous studies (388 patients in five years and 195 patients in one year,
respectively). In our study, as expected, the cumulative clustering rate rapidly increased in the first

four years and increased more slowly thereafter, which is similar to the trend observed in the
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previous studies?®?7,

Factors associated with genotype clustering

Our results indicated that the clustered cases were more likely to have socioeconomic predictive
factors, namely, being homeless, receiving public assistance, and having an unstable job, at the time
of TB diagnosis. Similarly, previous studies suggested that being homeless significantly contributed
to clustering in Shinjuku City!* and other counties®®. In our study, more than half of the genotype
clusters were mixtures of nonhomeless and homeless patients. Moreover, the nonhomeless patients
in the mixed clusters tended to be financially unstable, and a higher proportion of these patients
were receiving public assistance compared with the proportion among clusters of only nonhomeless
cases, which could imply that relatively poor nonhomeless patients share activity spaces with
homeless patients, such as urban areas around the large train stations that were reported to be
significant hotspots for homeless patients in Shinjuku City?®. These findings could suggest that
contact investigations of homeless TB patients need to be actively expanded to possible contact

persons who are not homeless, particularly those who are facing financial difficulty.

A meta-analysis based on studies conducted in European countries where foreign-born patients
substantially contribute to TB epidemiology found that the proportion of mixed clusters composed
of native and foreign-born patients ranged from 0% to 36.5% and concluded that foreign-born
patients did not have a significant influence on TB in the native population?®. In our study, the
proportion of mixed clusters (15.0%) fell into this range. Thus, the impact of TB transmission between
native and foreign-born populations likely remains limited in this urban setting3?. However,
considering the recent increase in immigrant TB patients in urban cities, TB transmission between

native and foreign-born populations needs to be closely monitored.
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Factors associated with large genotype clustering within three years

A shorter registration interval (€2 months) was identified as a significant predictor of the
development of a large genotype cluster within three years, which is compatible with findings of
previous studies conducted in the Netherlands and London®12, Therefore, when TB patients with
identical genotypes have shorter registration intervals, a thorough active case findings need to be
performed to investigate the potential infection sources and infected patients in order to prevent
further transmission. However, it is difficult to assume that the first patient infected the second
patient because a window of two months appears too short. Thus, we believe that a true but
unidentified first TB case was not identified in our study. A cluster episode was defined as a cluster
without any TB patients in 2002 and at least two patients with identical genotypes in and after 2003.
Therefore, a possible true first TB case might have been registered before 2002, which was outside

of our study period, or registered outside of Shinjuku City.

Limitations

Our study has some limitations. First, the study population consisted only of TB patients living in
Shinjuku City. Considering the large population flow in and out of the city, as mentioned above, we
potentially missed patients living outside of the city who shared TB strain types with patients living
in the city. In fact, previous Japanese studies reported clusters with TB patients living across broad
geographic areas3l. Consequently, we may have underestimated the identified genotype clusters.
Second, even the existence of TB patients with identical genotyping patterns may not suggest recent
transmission if the strain is a nationwide endemic TB strain3?, which could have led to an
overestimated clustering rate. Third, 1S6110 RFLP has relatively lower discriminatory power

compared with VNTR32 and whole-genome sequencing3*35, which might have led to overestimation.
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Lastly, information of epidemiological linkage among TB patients was not available in our study.
Therefore, we could not assess and discuss the current practices involving epidemiological
investigations done by the public health center, which could weaken the programmatic implications

of our results.

Conclusion

This study constitutes a one of the longest-term studies on the molecular epidemiology of notified
TB patients in a large Asian urban setting. Our results indicated that a large proportion of culture-
positive TB patients were involved in the recent TB transmission chain. Homeless persons were found
to be involved in more than half of the genotype clusters. Foreign-born persons continue to have a
limited impact on TB transmission in the Japanese urban setting, but considering recent increases in
foreign-born TB patients, transmission between native and foreign-born populations should be
routinely evaluated. Intensified public health interventions, such as active case findings, should focus
on those with socioeconomic risk factors that are significantly associated with TB transmission and
clusters with shorter registration intervals between the first two cases because these variables could

serve as predictors of the development of large clusters within three years.
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Category

Variables

Definition

Demographic factors Sex

Age

Country of birth

Men or women

Age at registration (240 or <40 years)

Japan-born or foreign-born persons

Social factors

Occupation

Receipt of public assistance

Homeless status

Alcohol misuse

Fulltime, part-time/daily worker, jobless under 60 year of age, or

others (including infant, student, housewife, retired, and unknown)

Those who were receiving government welfare benefits due to a

household income that is below the minimum cost of living at

registration

Those whose legal address was unknown or unstable during the

previous two or more years prior to registration

Those who tend to drink excessively, as judged by the public health

nurses

Clinical factors

Site of disease

Cavity lesions

Sputum smear microscopy

Past TB history

Status of diabetes mellitus

Those who have pulmonary or extra pulmonary disease

Those who have cavity lesions in lung field on chest radiography

Those who exhibit positive or negative results in the sputum smear

microscopy test

Those with a history of past TB treatment

Those with diabetes mellitus, as self-reported by the patient

Others

Mode of detection

Those who were identified through active case finding conducted

by public health centers

22
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A time between the onset of symptoms and the initial doctor visit
Status of patient delay

oNOYTULT D WN =

longer than two months

1 A time between the initial doctor visit and diagnosis longer than
12 Status of doctor delay

13 one month

15 A time between the onset of symptoms and TB diagnosis longer
16 Status of total delay

than three months

20 Registration interval The duration in months between the registration dates of the first

22 two cases in each of the genotype clusters

24 431
432

59 433

23
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434 Table 2. Factors associated with TB genotype clustering; univariable logistic regression analysis, RFLP,

435 Shinjuku, Tokyo, Japan, 2002-2013

Total number of Clustered OR (95% ClI) p-value
cases (N=1025), cases
n (N=515),
n (%)
Age (years) 1025
240 754 371 (49.2) Reference
<40 271 144 (53.1) 1.17 (0.88-1.56) 0.267
Sex 1025
Female 248 102 (41.1) Reference
Male 777 413 (53.2) 1.62 (1.20-2.19) 0.001**
Country of birth 1025
Foreign 95 22 (23.2) Reference
Japan 930 493 (53.0) 3.74 (2.25-6.44) <0.001***
Occupation 1025
Fulltime worker 313 165 (52.7) 1.53 (1.15-2.05) 0.004**
Part-time/daily 96 60 (62.5) 2.29 (1.45-3.61) <0.001***
worker
Jobless (aged 15-59 172 103  (59.9) 2.05 (1.43-2.94) <0.001***
years)
Othersf 444 187 (42.1) Reference
Public assistance* 1024
No 720 319 (44.3) Reference
24
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Yes 304 195 (64.1) 2.25 (1.69-3.00) <0.001***
Homelessness 1025

No 776 349 (45.0) Reference

Yes 249 166 (66.7) 2.45 (1.80-3.34) <0.001***
Alcohol misuse$ 1025

No 761 367 (48.2) Reference

Yes 264 148 (56.1) 1.37 (1.02-1.83) 0.028*
TB site 1024

Extrapulmonary 80 32 (40.0) Reference

Pulmonary 944 482 (51.1) 1.56 (0.96-2.58) 0.058
Cavity lesions 1023

No 565 271 (48.0) Reference

Yes 458 243 (53.1) 1.23 (0.95-1.58) 0.105
Smear results 1024

Negative 406 192 (47.3) Reference

Positive 618 322 (52.1) 1.21 (0.94-1.57) 0.132
Past TB history 989

New 880 441 (50.1) Reference

Retreatment 109 59 (54.1) 1.17 (0.77-1.79) 0.429
DM 1005

No 832 421 (50.6) Reference

Yes 173 86 (49.7) 0.97 (0.69-1.36) 0.831
Active case finding 1025

No 842 412 (48.9) Reference

25
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Yes 183 103 (56.3) 1.34 (0.96-1.88) 0.071
Patient delay 1000

<2m 773 377 (48.8) Reference

22m 227 127 (55.9) 1.33 (0.98-1.82) 0.057
Doctor delay 1018

<1im 799 415 (51.9) Reference

21m 219 97 (44.3) 0.74 (0.54-1.00) 0.045*
Total delay 997

<3m 777 382 (49.2) Reference

23 m 220 122 (55.5) 1.29 (0.94-1.76) 0.099

436 RFLP: restriction fragment length polymorphism, OR: odds ratio, Cl: confidence interval, TB:

437 tuberculosis, DM: diabetes mellitus, *p<0.05, **p<0.01, ***p<0.001

438 TOthers includes infant, student, housewife, retired, and unknown, and this population is considered

439 to be as a low risk of infection.

440 *Public assistance refers to government welfare benefits due to household income below the

441 minimum cost of living.

442 SAlcohol misuse refers to excessive drinking, as judged by the public health nurses conducting the

443 interviews.

444

445
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446 Table 3. Factors associated with TB genotype clustering; multivariate logistic regression analysis,

oNOYTULT D WN =

447 RFLP, Shinjuku, Tokyo, Japan, 2002-2013

11 Variables aOR (95% ClI) p-value

13 Age (years) 240 Reference

15 <40 1.73 (1.23-2.44) 0.002**

Country of birth Foreign Reference

20 Japan 3.90 (2.27-6.72) <0.001***

22 Occupation Fulltime worker 1.63 (1.17-2.27) 0.004**

24 Part-time/daily worker 2.20 (1.35-3.58) 0.002**

Jobless (aged 15-59 years) 1.32 (0.88-1.97) 0.180

29 Otherst Reference

31 Public assistance* No Reference

33 Yes 1.81 (1.15-2.84)  0.011*
Homeless No Reference

38 Yes 1.63 (1.02-2.62) 0.042*

40 Alcohol misuse$ No Reference

42 Yes 1.29 (0.79-2.11) 0.311

Active case finding No Reference

47 Yes 1.39 (0.98-1.99) 0.066

49 448 RFLP: restriction fragment length polymorphism, aOR: adjusted odds ratio, Cl: confidence interval,
51 449  *p<0.05, **p<0.01, ***p<0.001

450 tfOthers includes infant, student, housewife, retired, and unknown.

56 451 *Public assistance refers to government welfare benefits due to a household income below the

58 452 minimum cost of living.
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SAlcohol misuse refer to excessive drinking, as judged by the public health nurses conducting the

interviews.
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456 Table 4. Factors associated with large genotype clusters within three years using the characteristics

457 of the first two cases in each TB genotype cluster; univariable logistic regression, RFLP, Shinjuku,

458  Tokyo, Japan, 2003—-2013 (N=104 cluster episodes)

Large

clusters

within 3 vyears

Small clusters

and

large

Univariate logistic regression

Variable clusters after 3
(N=14), OR (95% ClI) p Value
years (N=90),
n (%)t
n (%)

Sex

No male patients 1 (7.1) 4 (44) Ref

2>One male patient 13 (92.9) 86 (95.6) 0.60 (0.06-5.84) 0.664
Age

No patients <40 years of age 8 (57.1) 57 (63.3) Ref

At least one patient <40 years of age 6 (42.9) 33 (36.7) 1.30 (0.41-4.06) 0.657
Japanese

No Japan-born patients 0 (0.0 2 (2.2) Ref

20ne Japan-born patient 14 (100.0) 88 (97.8) NA
Full- and part-time/daily workers

No patients with full- and part-time/daily 6 (42.9) 35 (38.9) Ref

employment

20ne patient with full- and part-time/daily 8 (57.1) 55 (61.1) 0.85 (0.27-2.65) 0.778

employment
Public assistance

No patient receiving public assistance 5 (35.7) 41 (45.6) Ref
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>0ne patient receiving public assistance 9 (64.3) 49 (54.4) 1.51 (0.47-4.85) 0.492
Homeless

No patient who is currently homeless 6 (42.9) 45 (50.0) Ref

>0ne patient who is currently homeless 8 (567.1) 45 (50.0) 1.33 (0.43-4.15) 0.620
Alcohol misuse

No patient who misuses alcohol 5 (35.7) 48 (53.3) Ref

>0ne patient who misuses alcohol 9 (64.3) 42 (46.7) 2.06 (0.64-6.62) 0.227
Cavity lesions

No patients with a cavity 2 (14.3) 24 (26.7) Ref

20One patient with a cavity 12 (85.7) 66 (73.3) 2.18 (0.45-10.47) 0.330
Smear results

No patient with a positive smear 1 (7.1) 12 (13.3) Ref

>0ne patient with a positive smear 13 (92.9) 78 (86.7) 2.00 (0.24-16.71) 0.522
Past TB history

No patient with a past history of TB 11 (78.6) 69 (76.7) Ref

>0One patient with a past history of TB 3 (21.4) 21 (23.3) 0.90 (0.23-3.52) 0.875
DM

No patient with DM 9 (64.3) 57 (63.3) Ref

20One patient with DM 5 (35.7) 33 (36.7) 0.96 (0.30-3.11) 0.945
Active case finding

No patient identified through active case finding 8 (57.1) 53 (58.9) Ref

20One patient identified through active case 6 (42.9) 37 (41.1) 1.07 (0.34-3.35) 0.902

finding
Patient delay
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No case with patient delay 9 (64.3) 55 (61.1) Ref

oNOYTULT D WN =

>0One case with patient delay 5 (35.7) 35 (38.9) 0.87 (0.27-2.82) 0.820
11 Doctors delay
13 No case with doctor delay 10 (71.4) 57 (63.3) Ref
15 >0One case with doctor delay 4 (28.6) 33 (36.7) 0.69 (0.20-2.38) 0.558
Total delay
20 No case with total delay 10 (71.4) 53 (58.9) Ref
22 >0One case with total delay 4 (28.6) 37 (41.1) 0.57 (0.17-1.97) 0.376
24 Registration interval
0-2 months between first two cases 7 (50.0) 13 (14.4) 9.51 (2.16-41.89) 0.003**
29 3-5 months between first two cases 2 (14.3) 5 (5.6) 7.07 (0.95-52.77) 0.057
31 6-11 months between first two cases 2 (14.3) 19 (21.1) 1.86 (0.29-12.00) 0.514

33 =12 months between first two cases 3 (21.4) 53 (58.9) Ref

459 Note. After the variables for multivariate logistic regression were selected using the stepwise method,
38 460 only the “registration interval” variable remained in the model. Thus, the table shows only the results
40 461 of the univariate logistic regression.

42 462 RFLP: restriction fragment length polymorphism, OR: odds ratio, aOR: adjusted odds ratio, Cl:
463 confidence interval, TB: tuberculosis, DM: diabetes mellitus, Ref: reference, NA: not applicable,
47 464  *p<0.05, **p<0.01

49 465 "“Large clusters within three years” refers to cluster episodes with five or more cases (large clusters)
51 466 within three years.

467 *Small clusters and large clusters after three years” refers to cluster episodes with two to four cases
56 468 (small clusters) and cluster episodes that became large clusters after three years.

58 469
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Figure legends

Figure 1. Number of reported cases of TB, including culture-positive cases, strain-typed cases and

genotype clusters, in Shinjuku during 2002-2013

RFLP: restriction fragment length polymorphism, TB: tuberculosis

Figure 2. Cumulative clustering rate (RFLP, Shinjuku 2002-2013)

RFLP: restriction fragment length polymorphism
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1,885 TB cases notified at the Shinjuku city, 2002-2013

A 4

1,310 culture positive TB cases

A 4

1,025 cases examined by RFLP

P 510 TB cases with unique strain

A 4

515 TB cases in 113 clusters containing 2 2 TB cases
» 185 TB cases in 77 clusters containing 2-4 TB cases (small clusters)
+ 330 TB cases in 36 clusters containing = 5 TB cases (large clusters)

+184 TB cases in 17 clusters containing = 5 TB cases
within 3 years (large clusters within 3 years)

* 146 TB cases in 19 clusters containing = 5 TB cases
after 3 years (large clusters after 3 years)

Figure 1. Number of reported cases of TB, including culture-positive cases, strain-typed cases and genotype

clusters, Shinjuku, 2002-2013
RFLP: restriction fragment length polymorphism, TB: tuberculosis
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Figure 2. Cumulative clustering rate, RFLP, Shinjuku 2002-2013
RFLP: restriction fragment length polymorphism
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ABSTRACT

Objective: Molecular epidemiology is a promising tool for understanding tuberculosis transmission
dynamics but has not been sufficiently utilized in Asian countries including Japan. The aim of this
study was to estimate the proportion of TB cases attributable to recent transmission and to identify
risk factors of genotype clustering and the development of large clusters within three years in an
urban setting in Japan.

Design and setting: Long-term cross-sectional observational study combining the characteristics of
culture-positive TB patients notified in Shinjuku City, Tokyo (2002-2013), with genotype data of
Mycobacterium tuberculosis.

Primary outcome measure: Genotype clustering rate and association between genotype clustering
status and explanatory variables.

Results: Among 1,025 cases, 515 were localized within 113 genotype clusters. The overall clustering
rate was 39.2%. Significantly higher rates were found in patients aged <40 years (adjusted odds ratio
(aOR)=1.73, 95% Cl=1.23-2.44), native Japanese individuals (aOR=3.90, 95% Cl=2.27-6.72), fulltime
workers (aOR=1.63, 95% Cl=1.17-2.27), part-time/daily workers (aOR=2.20, 95% CI=1.35-3.58),
individuals receiving public assistance (aOR=1.81, 95% Cl=1.15-2.84), and homeless people
(aOR=1.63, 95% Cl=1.02-2.62). A significant predictor of large genotype clusters within three years
was a registration interval £2 months between the first two cases in a cluster.

Conclusion: Our results indicated that a large proportion of culture-positive TB patients were
involved in the recent TB transmission chain. Foreign-born persons still have a limited impact on
transmission in the Japanese urban setting. Intensified public health interventions, including the
active case finding, need to focus on individuals with socioeconomic risk factors that are significantly
associated with tuberculosis transmission and clusters with shorter registration intervals between

the first two cases.
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Article Summary

Strengths and limitations of this study

* This study is one of the longest population-based studies focusing on the molecular
epidemiology of culture-positive notified tuberculosis patients in a large Asian urban setting.

* Interviews conducted by the experienced public health nurses at the Public Health Center using
a standardized questionnaire provided high-quality data and less interviewer bias.

*  We may have underestimated genotype clustering due to the large population flow in and out

of the city.
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INTRODUCTION

Tuberculosis (TB) remains a major public health threat worldwide. In 2017, an estimated 10 million
people worldwide developed TB, and 1.27 million died from TB?. Although the majority of cases have
been reported in countries with a high TB burden, TB remains a persistent health problem in low-
and medium-burden countries because it is concentrated in specific vulnerable and hard-to-reach
populations, such as homeless people and foreign-born persons from TB high-burden countries?.
These specific high-risk populations tend to live in large cities where they are seeking jobs, which
potentially poses challenges to the control of TB in urban areas®*. Many countries with a low or
medium TB burden have recently adopted TB elimination strategies®, which emphasizes the

importance of molecular epidemiology in TB control, particularly in urban areas?.

TB molecular genotyping using restriction fragment length polymorphisms (RFLPs) and, more
recently, variable numbers of tandem repeats (VNTRs) combined with epidemiological information
identifies TB cases that are likely involved in the same transmission chain®. This method differentiates
recent transmission or endogenous reactivation from remote infection and has therefore revealed
that a substantial proportion of TB cases are due to recent transmission in low-TB-burden countries’~
°. This method also identifies the proportion of cases attributable to recent transmission and
determines the risk factors for transmission. Moreover, various factors predicting large TB genotype
clusters, including socially vulnerable populations and shorter intervals between the registration
dates of the first two cases, have been investigated by evaluating the characteristics of the first two
cases in the same genotype cluster®13, These population-based molecular epidemiological studies

were conducted in some European countries®1912 the U.S.7211 and some Asian countries4-19,

In Japan, a country with a medium TB burden, the number of newly notified TB cases decreased from
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32,828 (25.8 per 100,000 populations) in 2002 to 17,625 (13.9 per 100,000 populations) in 20162,
but the central government has constantly been reported of TB outbreaks by local governments at a
rate of approximately 40 events annually over the last decade. This information suggests that TB
transmission might be occurring in some groups, such as homeless people, who constitute a high-
risk group for recent TB transmission in urban areas'®. Considering the steady increase in the
proportion of TB cases among foreign-born individuals in Japan (7.9% of all cases in 2016%%),
transmission between foreign-born persons and local residents must be monitored. In addition, in
light of Japan’s transition toward becoming a low-TB-burden country, understanding TB transmission
patterns has become increasingly important. However, few population-based molecular
epidemiological studies have identified the transmission patterns in Japan and their risk factors.
Additionally, no study has attempted to evaluate the factors predicting the development of large

clusters in Japan.

Therefore, we aimed to estimate the proportion of TB cases attributable to recent transmission, to
identify the risk factors for recent transmission, and to predict the risk factors for the development

of large clusters in an urban setting.

METHODS

Study population

We included all culture-positive TB patients notified in Shinjuku City from September 2002 to
December 2013 as the eligible study population in this cross-sectional observational study. This study
forms part of a population-based study on DNA fingerprinting surveillance of M. tuberculosis in
Shinjuku City that was started in 2002. Shinjuku City (18.3 km?) is one of the most populous (342,867

residents in 20182?) cities in Tokyo, and its TB notification rate in 2016 was 33.7 per 100,000 people?,
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which was higher than the rates in Tokyo and the nation (17.2 and 13.9, respectively?°). Experienced
public health nurses at the Shinjuku Public Health Center (PHC) interviewed and collected
information from all culture-positive TB patients at the time of registration using a standardized
guestionnaire to avoid possible interviewer bias. The study variables and definitions are described in

Table 1.

Patient and public involvement

Neither the patients nor the public were involved in the design of this study.

DNA fingerprinting and genotype cluster

Clinical isolates from each of the enrolled TB patients were sent to the Research Institute of
Tuberculosis (RIT), Tokyo, where the TB strains were subjected to DNA fingerprinting using insertion
sequence 6110 by RFLP (IS6110-RFLP) analysis?*. One clinical isolate per person was used for the
clustering analysis. 1IS6110-RFLP and spoligotyping are the standard methods used in the Shinjuku
PHC and were available throughout the study period. The Shinjuku PHC switched from RFLP to VNTR
a few years ago, but the RFLP profiles of many TB cases were available. Thus, we employed RFLP due
to the sufficient sample size. A genotype cluster was defined as a group of TB patients whose isolates
showed either (1) 26 identical I1S6110 band patterns or (2) <6 identical 1S6110 band patterns
confirmed by identical spoligotyping patterns. The data collection and genotyping methods were

previously described in detail'4.

Data analysis

We calculated the genotype clustering rate by the “n-1 method” according to the formula {(n - c)/N},

where N is the total number of cases sampled, c is the number of clusters, and n is the total number
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of cases in the clusters®. We also calculated the cumulative clustering rate by calculating the
clustering rate in 2002 and then adding the TB patients every year up to 2013. The characteristics of
clustered cases, which were the cases belonging to any genotype clusters, were compared with those
with unique strain patterns through x2 tests. We performed univariate logistic regression to identify
risk factors for genotype clustering using odds ratios (ORs) and multivariate logistic regression using

adjusted ORs (aORs). Any potential interactions were assessed using likelihood ratio tests.

Additionally, we compared the characteristics of the first two cases in each genotype cluster to
identify risk factors for the development of a large cluster within three years. For this purpose, a
cluster episode was defined as a newly arising genotype cluster in or after 2003 without any TB cases
of that genotype notified prior to that year. We classified cluster episodes into the following two
groups according to a system developed in a previous study: (1) “large clusters within three years”
were cluster episodes with five or more cases (large clusters) occurring within three years and (2)
“small clusters and large clusters after three years” were cluster episodes with two to four cases
(small clusters) and cluster episodes that became large clusters after three years. We identified the
first two cases in each cluster episode based on the notification date and compared their
characteristics between these two groups. We performed univariate and multivariate logistic

regression analyses to identify predictors of the development of large clusters within three years.

A p-value of 0.05 was set as the level indicating statistical significance. For variables with more than
5% missing values, the multiple imputation method was considered. The variables used for
multivariate logistic regressions were selected by the stepwise maximum-likelihood estimation with
a significance level of less than 0.2. We used Stata version 12 (Stata Corp., College Station, TX, USA)

for the statistical analyses. Written informed consent was waived because DNA fingerprinting
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analysis forms part of the routine TB control activities in Shinjuku City. However, oral informed
consent was obtained after the PHC staff provided a thorough explanation of the study objectives
and confidentiality. The study protocol was approved by the Institutional Review Board of the

Research Institute of Tuberculosis (RIT/IRB27-9).

RESULTS

Study population and clustering rate

In total, 1,885 TB patients in Shinjuku City were notified during the study period, and 1,310 were
culture-positive cases (Figure 1). Of these, 285 patients were excluded from the analysis, mainly due
to the unavailability of culture-positive isolates and the lack of implementation of RFLP. As a result,
1,025 (78.2%) patients were included in the analysis. Figure 2 shows the cumulative number of TB
patients and the clustering rates from 2002 to 2013. The number of TB cases gradually increased
over the tested decade. In contrast, the cumulative clustering rates sharply increased in the first four
years, from 10% in 2002 to 28% in 2005, with an average percent change of +43%, and then
continued to increase at a slower rate, from 30% in 2006 to 39% in 2013, with an average percent

change of +4.2%.

We identified a total of 113 genotype clusters consisting of 515 patients (Figure 1). The genotype
clustering rate was 39.2%, and the average cluster size was 4.56 cases (range 2-30). Fifty-seven
(50.4%) genotype clusters consisted of only two TB patients, and 36 (31.9%) genotype clusters had
at least five TB patients. We further investigated the homelessness status and place of birth of the
patients in the genotype clusters. Of the 113 genotype clusters, 45 (39.8%) comprised only
nonhomeless individuals, seven (6.2%) included only homeless individuals, and 61 (54.0%) contained

both homeless and nonhomeless individuals (mixed cluster). We compared the characteristics of the

10
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nonhomeless patients in the clusters of only nonhomeless patients with those in the mixed clusters,
and although the finding was not statistically significant (Pearson x?2 test, p=0.17), the proportion of
nonhomeless patients receiving public assistance in the latter group (13.8%) was higher than that in
the former group (8.8%). No differences in sex, age, and place of birth were found between the two
groups. Of the 113 genotype clusters, 94 (83.2%) consisted of only individuals born in Japan, two
(1.8%) consisted of only foreign-born individuals, and 17 (15.0%) consisted of both individuals born

in Japan and foreign-born individuals.

Factors associated with genotype clustering

The clustered cases were significantly more likely to consist of male individuals (OR=1.62, 95%
Cl=1.20-2.19), Japan-born individuals (OR=3.74, 95% Cl=2.25-6.44), individuals receiving public
assistance (OR=2.25, 95% ClI=1.69-3.00), homeless individuals (OR=2.45, 95% CI=1.80-3.34),
individuals who misuse alcohol (OR=1.37, 95% CI=1.02-1.83), individuals engaging in fulltime work
(OR=1.53, 95% CI=1.15-2.05) and part-time/daily work (OR=2.29, 95% Cl=1.45-3.61), and jobless
individuals aged 15-59 years (OR=2.05, 95% Cl=1.43-2.94) (Table 2). A significant interaction among
the explanatory variables was not detected. The multivariate analysis demonstrated that the factors
associated with genotype clustering were age <40 years (aOR=1.73, 95% CI=1.23-2.44), born in Japan
(aOR=3.90, 95% Cl=2.27-6.72), working fulltime (aOR=1.63, 95% ClI=1.17-2.27), having part-
time/daily work (aOR=2.20, 95% Cl=1.35-3.58), receiving public assistance (aOR=1.81, 95% Cl=1.15-

2.84), and homelessness (aOR=1.63, 95% CI=1.02-2.62)(Table 3).

Factors associated with large genotype clustering within three years

We identified 104 genotype cluster episodes according to the definition. Of these, 14 were “large

clusters within three years”, which was equivalent to 13.5% (14/104) of all the genotype clusters and

11
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48.3% (14/29) of the large genotype clusters, and 90 clusters were “small clusters and large clusters
after three years”. The univariate analysis indicated that clusters with registration intervals of 0-2
months were 9.51 times more likely to become large genotype clusters within three years compared
with clusters with registration intervals of 212 months (Table 4). After selecting variables using the

|"

stepwise method, only the “registration interval” variable remained for the multivariate model.
DISCUSSION

In this long-term population-based study, we included 1,025 patients, identified a total of 113
genotype clusters, and obtained a genotype clustering rate of 39.2%. Our results indicated that the
clustered cases were more likely to have certain socioeconomic predictive factors, namely, being
homeless, receiving public assistance, and having an unstable job, at the time of tuberculosis
diagnosis. A shorter registration interval between the first two cases was a statistically significant

predictor of the development of a large genotype cluster within three years.

Clustering rate

We identified 515 genotype clustered cases and estimated a clustering rate of 39.2%. The rate was
the same as the pooled clustering rate (40.9%) obtained in a previous meta-analysis of population-
based studies of countries with a low TB incidence®® but differed from previous estimates obtained
in Japanese studies, which were 27.6% in Shinjuku and 24.6% in Osaka'*?>, Because the meta-
regression analysis clarified that longer study durations are associated with an increased clustering
rate®®, this difference could be due to shorter study durations combined with the smaller sample
sizes of the previous studies (388 patients in five years and 195 patients in one year, respectively). In
our study, as expected, the cumulative clustering rate rapidly increased in the first four years and

increased more slowly thereafter, which is similar to the trend observed in the previous studies?®?7,
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Factors associated with genotype clustering

Our results indicated that the clustered cases were more likely to have socioeconomic predictive
factors, namely, being homeless, receiving public assistance, and having an unstable job, at the time
of TB diagnosis. Similarly, previous studies suggested that being homeless significantly contributed
to clustering in Shinjuku City* and other counties®. In our study, more than half of the genotype
clusters were mixtures of nonhomeless and homeless patients. Moreover, the nonhomeless patients
in the mixed clusters tended to be financially unstable, and a higher proportion of these patients
were receiving public assistance compared with the proportion among clusters of only nonhomeless
cases, which could imply that relatively poor nonhomeless patients share activity spaces with
homeless patients, such as urban areas around the large train stations that were reported to be
significant hotspots for homeless patients in Shinjuku City?%. These findings could suggest that
contact investigations of homeless TB patients need to be actively expanded to possible contact

persons who are not homeless, particularly those who are facing financial difficulty.

A meta-analysis based on studies conducted in European countries where foreign-born patients
substantially contribute to TB epidemiology found that the proportion of mixed clusters composed
of native and foreign-born patients ranged from 0% to 36.5% and concluded that foreign-born
patients did not have a significant influence on TB in the native population?. In our study, the
proportion of mixed clusters (15.0%) fell into this range. Thus, the impact of TB transmission between
native and foreign-born populations likely remains limited in this urban setting®?. However,
considering the recent increase in immigrant TB patients in urban cities, TB transmission between

native and foreign-born populations needs to be closely monitored.
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Factors associated with large genotype clustering within three years

A shorter registration interval (2 months) was identified as a significant predictor of the
development of a large genotype cluster within three years, which is compatible with findings of
previous studies conducted in the Netherlands and London'%12, Therefore, when TB patients with
identical genotypes have shorter registration intervals, a thorough active case findings need to be
performed to investigate the potential infection sources and infected patients in order to prevent
further transmission. However, it is difficult to assume that the first patient infected the second
patient because a window of two months appears too short. Thus, we believe that a true but
unidentified first TB case was not identified in our study. A cluster episode was defined as a cluster
without any TB patients in 2002 and at least two patients with identical genotypes in and after 2003.
Therefore, a possible true first TB case might have been registered before 2002, which was outside

of our study period, or registered outside of Shinjuku City.

Limitations

Our study has some limitations. First, the study population consisted only of TB patients living in
Shinjuku City. Considering the large population flow in and out of the city, as mentioned above, we
potentially missed patients living outside of the city who shared TB strain types with patients living
in the city. In fact, previous Japanese studies reported clusters with TB patients living across broad
geographic areas3l. Consequently, we may have underestimated the identified genotype clusters.
Second, even the existence of TB patients with identical genotyping patterns may not suggest recent
transmission if the strain is a nationwide endemic TB strain3?, which could have led to an
overestimated clustering rate. Third, 1S6110 RFLP has relatively lower discriminatory power
compared with VNTR33 and whole-genome sequencing3*3>, which might have led to overestimation.

Lastly, information of epidemiological linkage among TB patients was not available in our study.
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Therefore, we could not assess and discuss the current practices involving epidemiological
investigations done by the public health center, which could weaken the programmatic implications

of our results.

Conclusion

This study constitutes a one of the longest-term studies on the molecular epidemiology of notified
TB patients in a large Asian urban setting. Our results indicated that a large proportion of culture-
positive TB patients were involved in the recent TB transmission chain. Homeless persons were found
to be involved in more than half of the genotype clusters. Foreign-born persons continue to have a
limited impact on TB transmission in the Japanese urban setting, but considering recent increases in
foreign-born TB patients, transmission between native and foreign-born populations should be
routinely evaluated. Intensified public health interventions, such as active case findings, should focus
on those with socioeconomic risk factors that are significantly associated with TB transmission and
clusters with shorter registration intervals between the first two cases because these variables could

serve as predictors of the development of large clusters within three years.
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Category

Variables

Definition

Demographic factors Sex

Age

Country of birth

Men or women

Age at registration (240 or <40 years)

Japan-born or foreign-born persons

Social factors

Occupation

Receipt of public assistance

Homeless status

Alcohol misuse

Fulltime, part-time/daily worker, jobless under 60 year of age, or

others (including infant, student, housewife, retired, and unknown)

Those who were receiving government welfare benefits due to a

household income that is below the minimum cost of living at

registration

Those whose legal address was unknown or unstable during the

previous two or more years prior to registration

Those who tend to drink excessively, as judged by the public health

nurses

Clinical factors

Site of disease

Cavity lesions

Sputum smear microscopy

Past TB history

Status of diabetes mellitus

Those who have pulmonary or extra pulmonary disease

Those who have cavity lesions in lung field on chest radiography

Those who exhibit positive or negative results in the sputum smear

microscopy test

Those with a history of past TB treatment

Those with diabetes mellitus, as self-reported by the patient

Others

Mode of detection

Those who were identified through active case finding conducted

by public health centers
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A time between the onset of symptoms and the initial doctor visit
Status of patient delay

oNOYTULT D WN =

longer than two months

1 A time between the initial doctor visit and diagnosis longer than
12 Status of doctor delay

13 one month

15 A time between the onset of symptoms and TB diagnosis longer
16 Status of total delay

than three months

20 Registration interval The duration in months between the registration dates of the first

22 two cases in each of the genotype clusters

24 430
431

59 432

23
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433 Table 2. Factors associated with TB genotype clustering; univariable logistic regression analysis, RFLP,

434 Shinjuku, Tokyo, Japan, 2002-2013

Total number of Clustered OR (95% ClI) p-value
cases (N=1025), cases
n (N=515),
n (%)
Age (years) 1025
240 754 371 (49.2) Reference
<40 271 144 (53.1) 1.17 (0.88-1.56) 0.267
Sex 1025
Female 248 102 (41.1) Reference
Male 777 413 (53.2) 1.62 (1.20-2.19) 0.001**
Country of birth 1025
Foreign 95 22 (23.2) Reference
Japan 930 493 (53.0) 3.74 (2.25-6.44) <0.001***
Occupation 1025
Fulltime worker 313 165 (52.7) 1.53 (1.15-2.05) 0.004**
Part-time/daily 96 60 (62.5) 2.29 (1.45-3.61) <0.001***
worker
Jobless (aged 15-59 172 103  (59.9) 2.05 (1.43-2.94) <0.001***
years)
Othersf 444 187 (42.1) Reference
Public assistance* 1024
No 720 319 (44.3) Reference
24
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Yes 304 195 (64.1) 2.25 (1.69-3.00) <0.001***
Homelessness 1025

No 776 349 (45.0) Reference

Yes 249 166 (66.7) 2.45 (1.80-3.34) <0.001***
Alcohol misuse$ 1025

No 761 367 (48.2) Reference

Yes 264 148 (56.1) 1.37 (1.02-1.83) 0.028*
TB site 1024

Extrapulmonary 80 32 (40.0) Reference

Pulmonary 944 482 (51.1) 1.56 (0.96-2.58) 0.058
Cavity lesions 1023

No 565 271 (48.0) Reference

Yes 458 243 (53.1) 1.23 (0.95-1.58) 0.105
Smear results 1024

Negative 406 192 (47.3) Reference

Positive 618 322 (52.1) 1.21 (0.94-1.57) 0.132
Past TB history 989

New 880 441 (50.1) Reference

Retreatment 109 59 (54.1) 1.17 (0.77-1.79) 0.429
DM 1005

No 832 421 (50.6) Reference

Yes 173 86 (49.7) 0.97 (0.69-1.36) 0.831
Active case finding 1025

No 842 412 (48.9) Reference
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Yes 183 103 (56.3) 1.34 (0.96-1.88) 0.071
Patient delay 1000

<2m 773 377 (48.8) Reference

22m 227 127 (55.9) 1.33 (0.98-1.82) 0.057
Doctor delay 1018

<1im 799 415 (51.9) Reference

21m 219 97 (44.3) 0.74 (0.54-1.00) 0.045*
Total delay 997

<3m 777 382 (49.2) Reference

23 m 220 122 (55.5) 1.29 (0.94-1.76) 0.099

435 RFLP: restriction fragment length polymorphism, OR: odds ratio, Cl: confidence interval, TB:

436 tuberculosis, DM: diabetes mellitus, *p<0.05, **p<0.01, ***p<0.001

437 TOthers includes infant, student, housewife, retired, and unknown, and this population is considered

438 to be as a low risk of infection.

439 *Public assistance refers to government welfare benefits due to household income below the

440 minimum cost of living.

441 SAlcohol misuse refers to excessive drinking, as judged by the public health nurses conducting the

442 interviews.

443

444

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

26


http://bmjopen.bmj.com/

Page 27 of 37 BMJ Open

445 Table 3. Factors associated with TB genotype clustering; multivariate logistic regression analysis,

oNOYTULT D WN =

446 RFLP, Shinjuku, Tokyo, Japan, 2002-2013

11 Variables aOR (95% ClI) p-value

13 Age (years) 240 Reference

15 <40 1.73 (1.23-2.44) 0.002**

Country of birth Foreign Reference

20 Japan 3.90 (2.27-6.72) <0.001***

22 Occupation Fulltime worker 1.63 (1.17-2.27) 0.004**

24 Part-time/daily worker 2.20 (1.35-3.58) 0.002**

Jobless (aged 15-59 years) 1.32 (0.88-1.97) 0.180

29 Otherst Reference

31 Public assistance* No Reference

33 Yes 1.81 (1.15-2.84)  0.011*
Homeless No Reference

38 Yes 1.63 (1.02-2.62) 0.042*

40 Alcohol misuse$ No Reference

42 Yes 1.29 (0.79-2.11) 0.311

Active case finding No Reference

47 Yes 1.39 (0.98-1.99) 0.066

49 447 RFLP: restriction fragment length polymorphism, aOR: adjusted odds ratio, Cl: confidence interval,
51 448  *p<0.05, **p<0.01, ***p<0.001

449 tfOthers includes infant, student, housewife, retired, and unknown.

56 450 *Public assistance refers to government welfare benefits due to a household income below the

58 451 minimum cost of living.
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SAlcohol misuse refer to excessive drinking, as judged by the public health nurses conducting the

interviews.
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455 Table 4. Factors associated with large genotype clusters within three years using the characteristics

456 of the first two cases in each TB genotype cluster; univariable logistic regression, RFLP, Shinjuku,

457  Tokyo, Japan, 2003—2013 (N=104 cluster episodes)

Large

clusters

within 3 vyears

Small clusters

and

large

Univariate logistic regression

Variable clusters after 3
(N=14), OR (95% ClI) p Value
years (N=90),
n (%)t
n (%)

Sex

No male patients 1 (7.1) 4 (44) Ref

2>One male patient 13 (92.9) 86 (95.6) 0.60 (0.06-5.84) 0.664
Age

No patients <40 years of age 8 (57.1) 57 (63.3) Ref

At least one patient <40 years of age 6 (42.9) 33 (36.7) 1.30 (0.41-4.06) 0.657
Japanese

No Japan-born patients 0 (0.0 2 (2.2) Ref

20ne Japan-born patient 14 (100.0) 88 (97.8) NA
Full- and part-time/daily workers

No patients with full- and part-time/daily 6 (42.9) 35 (38.9) Ref

employment

20ne patient with full- and part-time/daily 8 (57.1) 55 (61.1) 0.85 (0.27-2.65) 0.778

employment
Public assistance

No patient receiving public assistance 5 (35.7) 41 (45.6) Ref
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>0ne patient receiving public assistance 9 (64.3) 49 (54.4) 1.51 (0.47-4.85) 0.492
Homeless

No patient who is currently homeless 6 (42.9) 45 (50.0) Ref

>0ne patient who is currently homeless 8 (567.1) 45 (50.0) 1.33 (0.43-4.15) 0.620
Alcohol misuse

No patient who misuses alcohol 5 (35.7) 48 (53.3) Ref

>0ne patient who misuses alcohol 9 (64.3) 42 (46.7) 2.06 (0.64-6.62) 0.227
Cavity lesions

No patients with a cavity 2 (14.3) 24 (26.7) Ref

20One patient with a cavity 12 (85.7) 66 (73.3) 2.18 (0.45-10.47) 0.330
Smear results

No patient with a positive smear 1 (7.1) 12 (13.3) Ref

>0ne patient with a positive smear 13 (92.9) 78 (86.7) 2.00 (0.24-16.71) 0.522
Past TB history

No patient with a past history of TB 11 (78.6) 69 (76.7) Ref

>0One patient with a past history of TB 3 (21.4) 21 (23.3) 0.90 (0.23-3.52) 0.875
DM

No patient with DM 9 (64.3) 57 (63.3) Ref

20One patient with DM 5 (35.7) 33 (36.7) 0.96 (0.30-3.11) 0.945
Active case finding

No patient identified through active case finding 8 (57.1) 53 (58.9) Ref

20One patient identified through active case 6 (42.9) 37 (41.1) 1.07 (0.34-3.35) 0.902

finding
Patient delay
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No case with patient delay 9 (64.3) 55 (61.1) Ref

oNOYTULT D WN =

>0One case with patient delay 5 (35.7) 35 (38.9) 0.87 (0.27-2.82) 0.820
11 Doctors delay
13 No case with doctor delay 10 (71.4) 57 (63.3) Ref
15 >0One case with doctor delay 4 (28.6) 33 (36.7) 0.69 (0.20-2.38) 0.558
Total delay
20 No case with total delay 10 (71.4) 53 (58.9) Ref
22 >0One case with total delay 4 (28.6) 37 (41.1) 0.57 (0.17-1.97) 0.376
24 Registration interval
0-2 months between first two cases 7 (50.0) 13 (14.4) 9.51 (2.16-41.89) 0.003**
29 3-5 months between first two cases 2 (14.3) 5 (5.6) 7.07 (0.95-52.77) 0.057
31 6-11 months between first two cases 2 (14.3) 19 (21.1) 1.86 (0.29-12.00) 0.514

33 =12 months between first two cases 3 (21.4) 53 (58.9) Ref

458 Note. After the variables for multivariate logistic regression were selected using the stepwise method,
38 459 only the “registration interval” variable remained in the model. Thus, the table shows only the results
40 460 of the univariate logistic regression.

42 461 RFLP: restriction fragment length polymorphism, OR: odds ratio, aOR: adjusted odds ratio, Cl:
462 confidence interval, TB: tuberculosis, DM: diabetes mellitus, Ref: reference, NA: not applicable,
47 463  *p<0.05, **p<0.01

49 464 "“Large clusters within three years” refers to cluster episodes with five or more cases (large clusters)
51 465 within three years.

466 *Small clusters and large clusters after three years” refers to cluster episodes with two to four cases
56 467 (small clusters) and cluster episodes that became large clusters after three years.

58 468

31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

469

BMJ Open

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

32

Page 32 of 37


http://bmjopen.bmj.com/

Page 33 of 37

oNOYTULT D WN =

470

471

472

473

474

475

476

477

478

BMJ Open

Figure legends

Figure 1. Number of reported cases of TB, including culture-positive cases, strain-typed cases and

genotype clusters, in Shinjuku during 2002-2013

RFLP: restriction fragment length polymorphism, TB: tuberculosis

Figure 2. Cumulative clustering rate (RFLP, Shinjuku 2002-2013)

RFLP: restriction fragment length polymorphism
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1,885 TB cases notified at the Shinjuku city, 2002-2013

A 4

1,310 culture positive TB cases

A 4

1,025 cases examined by RFLP

P 510 TB cases with unique strain

A 4

515 TB cases in 113 clusters containing 2 2 TB cases
» 185 TB cases in 77 clusters containing 2-4 TB cases (small clusters)
+ 330 TB cases in 36 clusters containing = 5 TB cases (large clusters)

+184 TB cases in 17 clusters containing = 5 TB cases
within 3 years (large clusters within 3 years)

* 146 TB cases in 19 clusters containing = 5 TB cases
after 3 years (large clusters after 3 years)

Figure 1. Number of reported cases of TB, including culture-positive cases, strain-typed cases and genotype

clusters, Shinjuku, 2002-2013
RFLP: restriction fragment length polymorphism, TB: tuberculosis
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Figure 2. Cumulative clustering rate, RFLP, Shinjuku 2002-2013
RFLP: restriction fragment length polymorphism
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S
S|
Section/Topic Iltem # | Recommendation & Reported on page #
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract fo 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was gund 3
Introduction §
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported g 5-6
Objectives 3 State specific objectives, including any prespecified hypotheses % 6
Methods %
Study design Present key elements of study design early in the paper ;
Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, foll@v-up, and data
collection 'g
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants g 6
;?D.
]
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Gi\é__ diagnostic criteria, if Table 1
applicable %
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurergent). Describe 6-7
measurement comparability of assessment methods if there is more than one group ;
Bias 9 Describe any efforts to address potential sources of bias i 7
Study size 10 Explain how the study size was arrived at *: 6
§ *We took all eligible
g study participants in
2 Shinjuku city.
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which grou%ngs were chosen and Table 1
variables why S
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding % 7-8
a
(b) Describe any methods used to examine subgroups and interactions E 8
(c) Explain how missing data were addressed § 8
(d) If applicable, describe analytical methods taking account of sampling strategy g Not Applicable
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1 8
2 (e) Describe any sensitivity analyses 'ﬁg Not Applicable
i Results %
[ Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examine&for eligibility, 8-9
6 confirmed eligible, included in the study, completing follow-up, and analysed % Figure 1
% (b) Give reasons for non-participation at each stage % 8-9
2 (c) Consider use of a flow diagram E Figure 1
10 Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on ei_«_ﬁ)osures and potential Table 1
1 confounders 9
1; (b) Indicate number of participants with missing data for each variable of interest 5 N in tables
14 Outcome data 15* | Report numbers of outcome events or summary measures g Tables, 9-10
15 Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precisiorg(eg, 95% confidence Tables
16 interval). Make clear which confounders were adjusted for and why they were included %
1; (b) Report category boundaries when continuous variables were categorized % Tables
19 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful tim@period Not Applicable
20 Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses ;é’; Table 4
;; Discussion >
23 Key results 18 Summarise key results with reference to study objectives Tf 11
24 Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discusgboth direction and 13
;2 magnitude of any potential bias 9;
27 Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of aBalyses, results from 11-14
28 similar studies, and other relevant evidence 5
;g Generalisability 21 Discuss the generalisability (external validity) of the study results § 11-14
31 Other information ;
32 Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for tBe original study on 4
33 @
34 which the present article is based o
35 *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in c-gﬂﬁort and cross-sectional studies.
36 g
37 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published exar@les of transparent reporting. The STROBE
gg checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.pIosmedicinefoorg/, Annals of Internal Medicine at
40 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.s'%obe-statement.org.
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