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This paper reports a case of nosocomial transmission of Mycobacterium tuberculosis by
brief casual contact. Routine variable number tandem repeat typing in Yamagata Pre-
fecture, Japan found that M. tuberculosis clinical isolates from two patients showed
indistinguishable genotypes. The patients had an epidemiological relationship of sharing a
waiting room in a hospital on the same day. As comparative genomics detected only two
single nucleotide variants between the isolates, it was concluded that recent tuberculosis
transmission occurred in the waiting room. These results indicate that the physical sep-
aration of infectious tuberculosis patients is an essential control measure for preventing
unpredictable nosocomial transmission by casual contact.
ª 2019 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

The nosocomial transmission ofMycobacterium tuberculosis
is a threat for healthcare facilities worldwide [1]. Therefore,
several recommendations have been developed for preventing
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nosocomial tuberculosis (TB) transmission. In particular, the
triage and physical separation of infectious TB patients is
strongly recommended for breaking the chain of transmission
[1,2]. However, it is difficult to confirm the effectiveness of
those control measures [1]. One reason for this is that noso-
comial TB spread by casual contact is difficult to identify due to
the long incubation period [3].

Comparative genomics can adequately distinguish genetic
differences among M. tuberculosis isolates [4,5]. Other geno-
typing methods that analyse parts of the M. tuberculosis
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Table I

Characteristics of two tuberculosis (TB) patients involved in
nosocomial transmission by brief casual contact, Yamagata Pre-
fecture, Japan

Patient characteristic Patient no.

Patient 1 Patient 2

Age 80s 50s
Sex Female Female
Notification date June 2012 August 2014
Residential area Murayama region Shonai region
Distance from
residence to hospitala

11 km 84 km

Site of disease Pulmonary Pulmonary
AFB sputum smear test Positive Positive
Treatment history Initial Initial
Birthplace Japan Japan
Specimen collection date June 2012 August 2014
Mtb isolate no. Fmu18 Hsho18

AFB, acid-fast bacillus; Mtb, Mycobacterium tuberculosis.
a The hospital in which Patient 1 was hospitalized and TB transmission

occurred.
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genome, such as variable number tandem repeat (VNTR) typing,
are often used. However, genotypes that appear to be indis-
tinguishable with VNTR may differ in their whole-genome se-
quences, suggesting the mixing of M. tuberculosis isolates not
due to recent TB transmission [4]. Comparative genomics tar-
geting the M. tuberculosis whole genome (i.e. approximately
4.4 million base pairs) can strongly support the possibility of
recent TB transmission by counting the number of single
nucleotide variants (SNVs) among different M. tuberculosis
genomes. Walker et al. showed that recently transmitted
M. tuberculosis isolates have five or fewer SNVs [4].

This study demonstrated the effectiveness of applying
comparative genomics for the analysis of M. tuberculosis ge-
nomes to identify nosocomial TB transmission by brief casual
contact. The results also indicate the need to use comparative
genomics to progress public health actions.

Methods

Study setting

Yamagata Prefecture, located in the northern part of Ja-
pan’s main island of Honshu, is subdivided into four topo-
graphically separated areas, and has an area of 9323 km2. In
2017, Yamagata Prefecture had 7.4 TB cases/100,000 popula-
tion among 1.1 million inhabitants. Since 2009, public health
officials in Yamagata have conducted TB control using VNTR
typing of M. tuberculosis clinical isolates to discover recent TB
transmission events [6].

VNTR typing

This study used 24-locus VNTR typing (24Beijing), optimized
for the M. tuberculosis Beijing lineage that is predominant in
Japan [7]. Polymerase chain reaction (PCR) was performed us-
ing a hot-start Ex-taq DNA polymerase (Takara Bio Inc., Shiga,
Japan) or the SapphireAmp Fast Master Mix (Takara Bio Inc.) or
both. These two PCR protocols have been described previously
[8]. The sizes of the amplified PCR fragments were confirmed
via agarose gel electrophoresis and with a microchip electro-
phoresis system (MCE-202; Shimadzu Corp., Kyoto, Japan). The
number of repeats for each locus was determined based on the
sizes of PCR products in published allelic tables [9].

Comparative genomics

The comparative genomics analysis of M. tuberculosis clin-
ical isolates in this study was performed using platforms man-
ufactured by Illumina (San Diego, CA, USA), as described
previously [10].

Ethical approval

This study was approved by the Ethics Committee of
Yamagata Prefectural Institute of Public Health (Approval No.
YPIPHEC 18-06).

Results

In October 2014, through comprehensive VNTR typing,
M. tuberculosis clinical isolates from two unrelated TB
patients in Yamagata Prefecture, Japan were found to have
indistinguishable profiles [6]. Patient 1, an elderly woman
with low social activity, was diagnosed with pulmonary TB in
June 2012 (Table I). Two years later, Patient 2, a middle-aged
woman working at a company, was diagnosed with pulmonary
TB. On performing contact investigations with patients using
the interferon-g release assay and chest radiographic anal-
ysis, a family member of Patient 1 and a family member and a
colleague of Patient 2 received preventive therapy for latent
TB infection. However, the epidemiological relationship of
the two patients had not been recognized prior to the VNTR
typing because they inhabited different administrative dis-
tricts. The distance between their residences was approxi-
mately 73 km.

Subsequently, retrospective investigations of hospital re-
cords by two public health centres demonstrated that the two
patients attended a hospital in the morning of the same day in
June 2012. Specifically, on the day when Patient 1 with diag-
nosed TB was hospitalized, Patient 2 visited a department
unrelated to respiratory medicine in the same hospital.
Furthermore, Patient 1 had stayed in the waiting room near the
main entrance to fulfil hospitalization procedures, and Patient
2 had also stayed in the same waiting room for approximately
10 min to pay the consulting fee. Accordingly, the public health
centres considered that Patient 1 transmitted TB to Patient 2
during their brief casual contact in the waiting room. However,
the hospital did not accept this scenario due to the insufficient
discriminative power of VNTR typing [4,5], and the fact that
nosocomial TB transmission by brief casual contact had not
been reported previously.

Three years later, the opportunity arose to analyse the
genome sequences of the twoM. tuberculosis isolates; namely,
Fmu18 isolated from Patient 1 and Hsho18 isolated from Pa-
tient 2 after a further 26 months. Comparison of their genome
sequences (GenBank accession nos. SAMD00136662 and
SAMD00136663) revealed that the Hsho18 isolate had two SNVs
compared with the Fmu18 isolate. One SNV was in a gene of
uncertain function (Rv1947), and the other SNV was a point
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Figure 1. Schematic representation of the time course of Patients 1 and 2. Patient 1 was diagnosed with tuberculosis in June 2012 (white
circle), and shared a waiting room in a hospital with Patient 2. Patient 2 was diagnosed with atypical pneumonia in April 2013 (grey
circle), and was subsequently diagnosed with tuberculosis in August 2014 (black circle). Arrowheads indicate the ongoing prescriptions of
levofloxacin.
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mutation in gyrA related to fluoroquinolone resistance
(Asp94Gly). Concordantly, drug susceptibility testing of the
Hsho18 isolate showed that it was resistant to levofloxacin.

To resolve the reason for the acquisition of levofloxacin
resistance in the Hsho18 isolate, the hospital records of Patient
2 were investigated. This revealed that Patient 2 presented
with a fever, cough and leg pain, and was diagnosed with
atypical pneumonia 10 months after contact with Patient 1.
Levofloxacin was prescribed for more than one year (Figure 1).
Therefore, it was concluded that the selective pressure of this
inappropriate monotherapy regime resulted in levofloxacin
resistance of Hsho18.

All the results of epidemiological investigations based on the
genomic comparison data were reported to the hospital. The
hospital accepted the possibility of nosocomial TB transmission
by brief casual contact. Thereafter, the infection control
committee of the hospital improved the flow of transferred TB
patients. Following this improvement, TB patients are trans-
ported directly to a medical ward with ventilation systems
without taking them through the waiting room, which many
unspecified persons utilize.

Incidentally, as of December 2018, no other clinical isolates
of M. tuberculosis showing the same VNTR profile as the two
isolates characterized in this study had been detected in
Yamagata Prefecture, Japan. Therefore, further transmission
of these two M. tuberculosis isolates is not likely to have
occurred.
Discussion

This paper reported a case of nosocomial transmission of M.
tuberculosis by brief casual contact. Given that one SNV be-
tween the two isolates (except for the iatrogenic drug-resis-
tant mutation) fulfills the criteria of recent TB transmission,
that is, five or fewer SNVs between M. tuberculosis genomes
[4], the inference that Patient 1 transmitted TB to Patient 2 in
the waiting room of the hospital would be reasonable.

Results indicate that the genotyping of M. tuberculosis can
contribute to the identification of recent TB transmission
events. In this study, comprehensive VNTR typing triggered
additional epidemiological investigations, and a further
comparative genomics analysis supported the hypothesis of
recent TB transmission as was proposed by the public health
centres. Similar approaches have been used in previous studies
[10,11]. Since the technology of genome analysis has the lim-
itations of high cost and the requirement for specific expertise
in addition to low versatility [5], VNTR-typing-based compar-
ative genomics may remain an effective framework not only for
public health actions in national or subnational settings, but
also for TB infection control in healthcare facilities.
This study demonstrated a case of nosocomial TB trans-
mission by brief casual contact identified by a combination of
epidemiological investigations and a comparative genomics
analysis of M. tuberculosis clinical isolates. The established
evidence led to the development of a consensus with hospital
staff and the strengthening of infection control procedures for
TB in the hospital where transmission occurred. The results
indicate that healthcare facilities should physically separate
patients with infectious TB from other people [1], even in
common use spaces, to prevent unpredictable nosocomial
transmissions by casual contact.
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