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Abstract: This study aimed to clarify the population-based distributions of Mycobacterium avium and
Mycobacterium intracellulare in Japan. We conducted a combined analysis of the national insurance
claim and microbiological databases. The incidence rates of M. avium by province were similar
throughout the country, with some exceptions, such as in Okinawa, probably because the bathing
customs are different from those in mainland Japan. In contrast, M. intracellulare showed a gradual
increase from the central part of the country to the southwestern region, with precise gradation,
which may indicate infection sources in the natural environment. This study found that assessment of
the infection route of M. intracellulare in the natural environment, which is similar to the distribution
of M. intracellular patients, is warranted. In conclusion, improvement of the household environment
could decrease the incidence of M. avium, while environmental countermeasures will be required to
decrease the incidence of M. intracellulare.

Keywords: Mycobacterium avium; Mycobacterium intracellulare; epidemiology; incidence;
natural environment

1. Introduction

The prevalence of nontuberculous mycobacterial pulmonary disease (NTM-PD) has
increased worldwide, and NTM-PD is recognized as a critical public health issue [1–3].
The incidence of NTM-PD has surpassed that of tuberculosis in industrialized countries,
and surprisingly, even in countries with a high tuberculosis burden, it has been reported
that the rate of NTM-PD cases misdiagnosed as multidrug-resistant cases or refractory
tuberculosis is over 10% [4,5]. Given the interrelation between tuberculosis and NTM-PD,
the decreasing tuberculosis incidence and the increasing elderly population, NTM-PD
prevalence is expected to increase in many countries in the future.

Several population-based epidemiological studies that have been conducted in recent
years in Japan have overlooked the situation of NTM-PD in the country [6–9]. The incidence
of NTM-PD surpassed that of culture-positive tuberculosis for the first time in 2014, and
the proportion of Mycobacterium avium complex (MAC) cases was revealed to be higher,
reaching as high as 90%, than those in other countries [7,8].

The MAC includes more than ten species, and M. avium and M. intracellulare are the
most prevalent species [10]. Several reports have revealed that there are clinical differences
between the species [11–13]. Interestingly, the proportion of M. avium in the MAC gradually
increases from southwestern regions to the northeastern part of the country. Conversely,
the proportion of M. intracellulare is highest in the southwestern part of the country [8].
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Several previous studies isolated M. avium from the interior household environment,
mostly from the bathroom [14–16]. Moreover, the hot-water faucet of the bath system was
the main location [17]. As bathing in bathtubs is a common practice in Japan, we speculated
that the incidence of M. avium should be evenly distributed throughout the whole country,
while that of M. intracellulare would be uneven. Accordingly, the present study aimed to
clarify the population-based distributions of M. avium and M. intracellulare.

2. Materials and Methods

The incidence of MAC-related disease from 2011–2013, which was obtained using
national health insurance claim data [9], and the proportion of M. avium among MAC cases
in 2014, obtained via a questionnaire survey [7], were analyzed. The treatment incidence
rate was calculated for 344 medical regions, and the proportional data were stratified by
eight geographical regions: Kyushu–Okinawa, Chugoku, Shikoku, Kinki, Chubu, Kanto,
Tohoku and Hokkaido (from southwest to northeast). The treatment incidences for M.
avium and M. intracellulare were calculated by multiplying these data and are shown for
each medical region.

3. Results

The treatment incidences of M. avium and M. intracellulare are shown in Figure 1. The
treatment rate of M. intracellulare was higher in the southwestern regions than in the other
regions. Conversely, the incidence rate of M. avium, though its proportions were higher in
northeastern regions than in other regions, showed a relatively even distribution, except in
Hokkaido, Kyushu and Okinawa, which included several low-incidence locations. The
incidence rate of M. avium was higher than that of M. intracellulare in most regions except
for the Kyushu and Okinawa regions.
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4. Discussion

In the present study, we found that M. avium was relatively evenly distributed through-
out the country, consistent with our speculation that the bath system is the primary infection
source. Recently, an environmental survey focusing on the bathrooms of healthy volunteers
was conducted across the country, and the researchers found that the overall detection
rate of M. avium was approximately 16% [18]. Therefore, if people with risk factors, such
as middle-aged to elderly females with low body weight, underlying lung disease or
immune-suppressed status, used a contaminated bathroom, they could be infected by M.
avium. The data support this hypothesis, as the detection rates were lowest in the Kyushu
and Hokkaido regions, where the incidence rates were also low, except in Tohoku [18,19].
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Interestingly, Okinawa had a low incidence of M. avium. Nagano et al. conducted an
epidemiological study in Okinawa and found that the proportion of M. avium was lower
than those of the M. abscessus complex and M. intracellulare [19]. Okinawa is located in the
extreme southern part of Japan, and it has a subtropical climate. Due to this, residents do
not soak in a bath, rather, they use a shower. The data indicated that the bath system was
the source of M. avium and suggest that taking baths is associated with a higher risk of
infection than showering.

The incidence rate of M. intracellulare was higher in the southwestern part of the
country than in the other areas of the country. As M. intracellulare has not been isolated from
the interior household environment, it is assumed that the infection source is the natural
environment. Morimoto and Koh reviewed NTM epidemiology in Asia [20]. Interestingly,
the proportion of M. intracellulare in NTM-PD in Nagasaki prefecture, located in the west
side of the Kyushu region, was similar to that in South Korea [21–24]. Furthermore, a
systematic review of Chinese epidemiological analyses showed that the proportion of
M. intracellulare was higher in the northern part of the country near Korea; conversely,
M. avium was highest in the southern part of the country [25]. These data indicate that
regions with a higher proportion of M. intracellulare throughout Japan, South Korea and
China exist, and there are natural environmental niches shared among these regions. The
incidence rate of M. intracellulare gradually decreased in a northeasterly direction in Japan.
This might indicate that the environmental niche is less prevalent in the northeastern
regions. Searching for factors with such characteristics could identify environmental niches.
We speculate that dusts, such as yellow dust or soot originating from China, as well as rain
and soil, are potential sources, and air and soil sampling should be conducted.

There are some limitations of this study. First, although the present study used data
originating from the two databases, ideally, primary population-based mycobacterial data
should be analyzed. Second, the present analysis used the data from approximately ten
years ago. The results may not show the current epidemiological situation. Therefore, it
is crucial to construct a surveillance system to grasp the fluctuation of NTM epidemio-
logical status (which may be impacted by the recent Olympic and Paralympic games) for
future research. Lastly, we could not analyze the data of M. intracellulare subsp. chimaera,
which could have been identified as M. intracellulare. However, because the proportion
of the subspecies is quite low in Japan and M. intracellulare has never been isolated from
either interior household environments or humans in previous studies, the influence of
M. intracellulare subsp. M. chimaera is likely minimal [26].

5. Conclusions

M. avium evenly exists throughout the country, most likely due to soaking customs,
with some exceptions, such as in Okinawa. As M. avium is a major cause of NTM-PD in
Japan, improvement of the household environment is an essential strategy to reduce the
risk of infection. The infection source of M. intracellulare in the natural environment should
be identified by combining data from Japan, China and South Korea.
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