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Abstract

Population-based data have documented a continued increase in NTM prevalence since 2000.
Annual prevalence in North American and Australia ranges from 3.2-9.8 per 100,000, and is
generally higher than in Europe. Studies of NTM PD from South Korea, Japan, and Taiwan, also
suggest increasing prevalence. In Africa and the Middle East, prevalence of NTM ranges from 4%
—-15% among suspected TB cases and 18%-20% among suspected multi-drug resistant TB (MDR
TB) cases. M. avium complex (MAC) is predominant in North America and East Asia, whereas M.
kansasii, M. xenopi, and M. malmoense are more common in Europe. Host factors important to the
current epidemiology of NTM PD include thoracic skeletal abnormalities, rheumatoid arthritis,
and use of immunomodulatory drugs. Clustering of disease within families suggests a heritable
genetic predisposition to disease susceptibility. Warm, humid environments with high atmospheric
vapor pressure contribute to population risk.
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Introduction

In this chapter we review approaches to studying the epidemiology of NTM pulmonary
disease (NTM PD), and update advances in the field since the last review published in 2002
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Methodologic challenges

Studying the epidemiology of NTM PD presents several methodologic challenges that
impact the measures obtained. First, with a few exceptions (2), in most countries, NTM PD
is not a reportable condition, such that describing the burden, trends, and associated risk
factors for this condition depend on special studies, surveys, and sentinel surveillance efforts
described later in this chapter. Secondly, isolation from an uncontaminated clinical specimen
is insufficient to document disease, because respiratory secretions from patients with
underlying lung disease may be colonized with these organisms without overt untoward
manifestations For this reason, clinical information is required in concert with microbiologic
data to be certain whether disease is present in an individual, although reliance on solely
microbiologic information has recently been shown to provide a reasonable approximation
(3-5). The diagnosis comprises three components, including microbiologic, radiographic,
and clinical criteria (6). These criteria require that a patient with symptoms seek health care,
that the health care provider suspects a diagnosis, that appropriate samples are obtained
(sputum or lung biopsy), and that radiographic imaging is performed. Finally, the disease is
often indolent (slowly progressive) and chronic, and patients may not be routinely evaluated
with appropriate samples throughout their disease course. Often patients may have difficulty
producing sputum samples, which limits the ability to obtain appropriate samples. In one
study of NTM, 40-70% of patients were cultured in only a single year during a study period
spanning 5-10+ years (3).

Measures of disease burden

For a chronic disease such as NTM PD, prevalence is the best measure of disease burden in
a population. Incidence is a measure of the frequency of new infections and is the best
measure for identifying risk factors for disease. Defining incidence, the frequency of new
cases occurring in a defined population over a specified time period, requires definition of a
time period when patients were disease-free. Because the disease is often indolent and
samples for microbiologic analysis may not be taken, this disease-free risk window may not
be clear.

Prevalence is a measure of the frequency of all cases existent in a defined population, newly
or previously diagnosed. Two measures of prevalence have been used to define the NTM PD
burden in a population: average annual prevalence and period prevalence (3, 4, 7, 8). The
average annual prevalence is defined by averaging the annual number of cases over a
defined period and dividing by the average annual population over that time period. The
period prevalence is defined as the total number of cases existent over a defined period
divided by the average population in that time period. For a longer time period, for example
over 5-10 years, the period prevalence estimates will always be greater than an average
annual population estimate because for the former, cases are summed over multiple years, so
that cases that are identified only once during a period of interest are included, whereas for
an annual prevalence, the same case occurring over multiple years would be counted only in
years in which multiple isolates are obtained, despite ongoing chronic disease.

Although mortality data are suboptimal given the uncertain validity of death certificate
coding for NTM PD as a cause of death, nonetheless, such data have been used in two

Clin Chest Med. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Prevots and Marras

Page 3

instances to provide a national picture of the epidemiology of NTM. In the United States,
mortality patterns mirrored prevalence data with respect to time, place, and person (9). In
Japan, mortality data were useful for providing insight into patterns by age, sex, and region,
and for to estimating prevalence (10).

Risk factors: approaches

To more fully understand the population patterns and trends for NTM PD, both host and
environmental risk factors must be considered, as both contribute to disease patterns.
Because these organisms are widespread in soil and water in most countries, and yet disease
is rare, host susceptibility likely plays a key role. The role of inherited genetic factors can be
studied by both traditional and modern genetic methods. Traditional methods include
pedigree analysis to indicate clustering of NTM PD and related traits within families (11,
12). Future studies can include approaches such as whole exome sequencing or candidate
gene approaches to identify variants associated with disease or severe disease, similar to the
work that has been done for CF to identify genetic modifiers of disease (13). For studies
involving genetic sequencing, as with any control group, the comparison population should
be as similar as possible to the case group except with respect to the factor under study.
Characterization of HLA types has also been used to identify genetic variants associated
with NTM disease (14, 15).

An area of great concern has been the role of specific environmental exposures to soil and
water, and particularly to water aerosols from showers and baths (16). One approach to
studying this has been to design case-control studies with detailed ascertainment of these
exposures. However, the measurement of individual behaviors is limited by recall bias as
well as the unknown incubation period (time between exposure and disease onset). In
addition, these studies are limited to some degree by the lack of knowledge regarding
infectious dose for NTM PD, which would help guide the detail needed for exposure
ascertainment. An alternative and more recent approach has been to study these factors
using spatial analysis which allows detection of disease clusters and analysis of the
association of these clusters with atmospheric and other environmental conditions (2, 17).
Because NTM are environmental organisms, an analytic approach that seeks to relate
population patterns to environmental conditions may be a better approach, as these factors
act beyond the individual (i.e. influencing mycobacterial grown in and near bodies of water),
in a truly ecologic fashion.

Host and environmental risk factors: findings

Host and environmental risk factors identified to date are summarized in Table 1. Case-
control studies which have attempted to identify environmental and host factors associated
with disease have had somewhat inconsistent results, likely due to both methodologic and
population differences. One study in the United States which measured exposure to both soil
and water aerosol as well as host factors found a number of host factors with significant
associations with disease, whereas few to no environmental exposures were identified as risk
factors (18). In the latter study, the only important protective factors identified were any
swimming pool use (indoor or outdoor) and washing dishes by hand. However, these effects
were felt to be likely due to a bias whereby healthier patients are more likely to engage in
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these activities (18). In another case-control study of the risk of environmental exposures for
NTM among persons with CF, indoor swimming pool use at least monthly was significantly
associated with NTM infection (19) (Table 1). One study in Japan found that exposure to
soil more than twice weekly was significantly associated with disease (20).

Medical host factors are also detailed in Table 1. When measures of association are
available, these are presented; our focus was on comparisons to non NTM (or TB) infected
populations. Historically NTM was associated with neoplasms as well as structural lung
diseases such as COPD (1), and these underlying diseases remain important predisposing
factors for NTM (Table 1). The population affected by COPD has tended to be
predominantly male, which reflected to a large degree patterns of smoking in the population.
In countries where smoking remains prevalent, COPD remains an important predisposing
risk factor, and will be detailed later in this chapter in the regional sections. Persons with
cystic fibrosis are disproportionately affected by NTM, with a national prevalence estimated
at 13% (21), and this topic will be covered in a separate chapter. In a nationally
representative sample of older adults in the US, bronchiectasis was also strongly associated
with NTM PD, although this condition was more prevalent among women with NTM PD
than men with NTM PD (7). Bronchiectasis was also found to be strongly associated with
NTM lung disease in a nation-wide study in Denmark, with an odds ratio of 187.5 (22).

In recent decades, coincident with a major increase in NTM, a predominance of women
without known risk factors has been observed (23). In this population, the “idiopathic” NTM
PD, women with a tall, thin morphotype predominate (24); recently identified risk factors
include thoracic skeletal abnormalities and low BMI (18). Use of immunomodulatory drugs
or steroids are also associated with NTM PD (18), as is rheumatoid arthritis per se, with risk
increasing further in the presence of more potent immunosuppressive therapy (25, 26).
(Table 1). No consistent association with diabetes and NTM PD has been found (7, 18, 27).

Although individual factors predispose for disease, an interaction with environmental
conditions clearly exists (28). In the United States, both M. intracellulare skin-test
sensitization (29) and NTM PD are more prevalent in the warmer more humid areas of the
Southeast and Southwest. In Japan, NTM PD mortality, a surrogate measure for disease
prevalence and distribution, has found a higher prevalence in the warmer and more humid
coastal areas and in an area with a large lake. Recent studies have used geospatial
approaches to identify climatic factors which influence the population risk of NTM PD. Two
studies in the United States have identified atmospheric factors predictive of disease
prevalence or disease clustering in a geographic area (Table 1). Adjemian et al found that
evapotranspiration (the potential of the atmosphere to absorb water), and the proportion of
the area as surface water was predictive of disease clustering in an area, and both studies
found that vapor pressure (a measure of the water in the atmosphere at a given temperature)
was predictive of disease prevalence among CF patients (19, 28). These population findings
are consistent with an earlier environmental microbiology study which found that warmer
temperature, low pH, low dissolved oxygen, high soluble zinc, high humic acid, and high
fulvic acid are related to the environmental prevalence of NTM (30). In Queensland,
Australia, in one of the few epidemiologic studies to evaluate environmental factors by
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species, increased average topsoil depth was protective against M. intracellulare, while
increased soil bulk density was positively associated with M. kansasii disease (Table 1) (31).

Prevalence and incidence

In areas where NTM is reportable such as the province of Queensland, Australia (2), data
based on isolates linked to clinical information provide a representative pattern of disease by
time, place, and person. Sentinel surveillance comprises a single site or sample of sites
which voluntarily report data on isolates, with a standard set of clinical information
collected for patients. If the surveillance network is nationally representative, this system
can provide good prevalence estimates. One example is the mycobacterial study group in
France, which reported data on NTM isolates and associated clinical information during a
three year period (32).

Several other types of prevalence studies have been published. These include those limited
to microbiologic isolation, those with microbiologic and limited clinical information, and
those with complete clinical information (fully defined). For example, the NTM-Network of
the European Trials group (NET) compiles species information from isolates throughout
participating laboratories in Europe and elsewhere. A strength of this collaboration is the
number of isolates and participating countries, and the data provide a snapshot of the species
distribution across regions and countries (33). This measure would likely overestimate
disease prevalence, as not all persons with one or more isolates will meet ATS disease
criteria. Similarly, regional laboratories with complete capture of a defined geographic
region and population, such as provincial laboratories in Canada (8), can also provide a
representative picture of isolates.

When surveillance or regionally representative data are not available, other approaches can
provide a representative picture. An ideal study type is one which has electronic laboratory
data linked to clinical data and other diagnostic information in a defined population, such as
that available for integrated health care delivery systems in the United States (3), or
integrated health care systems in other countries. When laboratory data are not available,
ICD9 codes provide a surrogate measure of diagnosis and are useful to estimating the
prevalence of this rare condition from large administrative datasets such as Medicare (7).
Estimates for the sensitivity of ICD9 codes vary from 27%-50% (3, 27). Although these
codes underestimate the true prevalence of NTM, this bias is not likely to be systematic, and
therefore these codes provide an important tool for estimating prevalence by demographic
features and comorbid conditions. Within these various approaches to estimating prevalence,
study populations may be regionally representative (33), nationally representative (7), or
representative of an area or state within a country (3, 34).

Epidemiology of NTM Isolation and Disease by Global Region

In our review of epidemiological data of pulmonary NTM, we strive to include the highest
quality data published since 2000. Ideal studies comprise population-based investigations
including both clinical and microbiologic data, and encompassing an adequate temporal
period to best capture the burden of infection in the population. We present reviews of the
best available studies by global region.
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North America

The study of pulmonary NTM epidemiology in North America has advanced substantially in
recent years. Numerous studies that are either population-based or from epidemiologically
relevant population sub-groups have been published, and several studies have provided
estimates of period prevalence in addition to annual prevalence. We excluded studies
focusing exclusively on hospitalized patients, or wherein case identification criteria were
deemed inadequate. We included studies presenting data from a single institution for the
assessment of relative species frequency and for information regarding population patterns
including age, sex and pre-existing lung disease. Table 2 presents results regarding the
frequency of NTM PD, while Table 3 presents results regarding relative frequency of
different species among populations with NTM PD.

Comprehensive population-based studies in Ontario, Canada have demonstrated annual rates
of isolation prevalence of 14.1-22.2/100,000 population (8, 35, 36). Because these studies
were limited by a lack of clinical information, a surrogate microbiologic definition of
disease was employed (=2 positive sputum samples or =1 positive bronchoscopic or biopsy
sample). In one of these studies, annual disease prevalence was estimated at 9.8/100,000 in
2010, while period prevalence of disease was estimated at 41.3/100,000 over the five-year
period 2006-2010 (8). All of the above studies excluded M. gordonae. In Ontario, M. avium
complex (MAC) was most commonly isolated and identified as a cause of disease, followed
by M. xenopi, and the rapidly growing mycobacteria (RGM) (Table 2). These data offer
accurate estimates of isolation prevalence in a population of approximately 13 million
people, but estimates of disease were limited by the lack of clinical information.

Following implementation of statewide NTM isolation reporting for 2005-2006, and using
standardized protocols for NTM case investigation, investigators in Oregon, U.S.A.
described NTM epidemiology in a comprehensive state-wide microbiologic based study,
with complete clinical record reviews among a subset of subjects in the Portland area (4,
34). Excluding M. gordonae, annualized isolation prevalence of pulmonary NTM was
12.7/100,000 (34) and the two-year period prevalence of disease, defined by full
microbiological and clinical criteria, was estimated at 8.6/100,000 (4). Records were
available for review in approximately 70% of the Portland area subjects, so disease rates
were underestimated. The Oregon data offer robust population-based estimates of isolation
prevalence in 3.7 million people, but due to the incomplete availability of clinical records,
substantially underestimated disease prevalence.

The epidemiology of NTM has been studied in several closed system managed care
organizations in the U.S.A. A multi-center study was performed in four integrated health
care delivery systems (IHCDS), including 4.1 million beneficiaries in California, Colorado,
Pennsylvania, and Washington (3). The investigators extracted microbiologic and ICD-9
coded records data, and validated a subset of patients for radiographic evidence of disease.
The annual site-specific prevalence of NTM PD (excluding M. gordoane) was found to be
1.4-6.6/100,000. Strengths of these data rest on the diversity of the studied geographic
regions and the validation of cases.
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A nation-wide U.S.A. study of Medicare beneficiaries (= 65 years of age), from 1997
through 2007 (7) provides valuable insight regarding disease frequency in older adults, who
comprise the vast majority of NTM patients. The investigators used ICD-9 coding to
identify cases of NTM disease and observed an annual prevalence of approximately
47/100,000 in 2007. Intriguing geographic heterogeneity was identified. Regional period
prevalence was highest in the West (149/100,000), driven largely by California
(191/100,000) and Hawaii (396/100,000), and second highest in the Southeast
(131/100,000). In this older adult population, an average annual increase of NTM disease of
8.5% was observed over 1997-2007 (7) (Figure 1). In U.S.A. managed care organizations,
increases of nearly 3% per year were observed over 1994-2006 (3). In Ontario, Canada, the
average increase in annual disease prevalence was 6.3% per year over 1998-2010 (8)
(Figure 2) while the five-year period prevalence increased from 29.3/100,000 (1998-2002)
to 41.3/100,000 (2006-2010) (8).

Information from studies presenting data on the proportion of NTM PD caused by different
species is presented in Table 3. In all studies, MAC was the most common species complex
(64-85% of cases), followed in most studies by M. abscessus/chelonae (3-13%), M. xenopi
(1-23%), M. fortuitum (<1-8%), and M. kansasii (<1-6%). Recently, data from various
North American centers were compiled as part of a global NTM collaboration (33).

In North America, the majority of patients tended to be women (range of 55-66%), and were
more likely to be older adults (mean age 68.2 years, range 59-70 years, Table 4). Most
recent North American studies did not report oin whether patients had pre-existing lung
disease, but the frequency of COPD was described in four studies (3, 4, 37, 38) wherein
28%—66% of patients had COPD (Table 4). With respect to prevalence by racial\ethnic
groups, of interest is the finding that in the USA, among persons aged =65 years, persons
classified as “Asian” had relative prevalence rates approximately twofold higher than
persons categorized as “white”.

In summary, data from recent North American studies generally suggest annual rates of
NTM isolation of 6-22/100,000, and annual rates of disease of 5-10/100,000. Period
prevalence estimates, undoubtedly a superior measure of the burden of disease, varied
widely based on the period duration and age group studied. Period prevalence in studies
including all ages ranged from 9-41/100,000, and was far higher when focusing on older
sub-populations. Most studies demonstrated temporal increases in the frequency of NTM PD
over a 3to 11 year period. Limitations included heterogeneous case ascertainment and
disease definitions, and incomplete age-group or geographic coverage. In the USA,
nationally representative estimates of the <65 population are not available. In Canada, large
geographic areas outside the province of Ontario have not been systematically studied, and
there has been limited assessment employing clinical record review within Ontario. NTM
PD in North America is very strongly associated with increasing age (especially common in
the elderly) and COPD, and is reported more commonly in females. The prevalence of NTM
PD varies both with the presence of COPD and gender, whereby men seem to more
commonly have “secondary” NTM, with predisposing COPD, while women most
commonly appear to have "idiopathic” NTM (37).
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Central / South America

A number of recent studies, generally from single institutions, have added to the
understanding of the epidemiology of NTM PD in Central and South America. The
limitation common to all of these studies is the lack of a reliable denominator in a defined
population, making estimates regarding NTM frequency uncertain. In addition, data
regarding species distribution may also be affected by referral bias to the institutions from
which data were reported. The latter may be relevant if NTM species varies according to
clinical features, like COPD, or if clinicians’ referral may depend on the species isolated and
the perception of its pathogenicity. Table 2 presents results regarding NTM frequency, while
Table 3 presents results regarding relative frequency of different NTM species among
populations with NTM disease.

In the Baixada Santista region of Sao Paolo, Brazil, investigators reported on a series of
patients who, as patients with suspected or presumed TB, had sputum collected in regional
healthcare facilities, and sent to their institution for culture over 2000-2005 (39). Based on
contemporary population data, their report suggests an annual prevalence of 1.3/100,000 for
NTM isolation, and 0.25/100,000 for NTM disease, as well as a six-year period prevalence
of disease of 1.5/100,000. Limitations include sampling that was not comprehensive
(underestimating true rates), and disease definition based on microbiologic criteria alone,
perhaps overestimating the proportion with disease. Over 1996-2005, in Sao Jose do Rio
Preto, Brazil, investigators reported on pulmonary NTM isolation in 184 patients whose
specimens had been referred to a regional TB laboratory for suspected or presumed TB (40).
Based on contemporary population data, their report suggests annual prevalence rates of
5.3/100,000 for NTM isolation, and 1.0/100,000 for NTM disease, as well as ten-year period
prevalence of 10/100,000 for NTM disease. This report lacked information regarding the
underlying sampling. If the survey was not comprehensive, the calculated rates are
underestimates.

Species distribution was presented in some recent studies. In Argentina, among 54 patients
with NTM PD over 2004-2010, whose specimens were submitted to a regional specialty
hospital, the species distribution was MAC first (48%), followed by M. kansasii (13%) and
M. gordonae (13%)(41). The species distribution may not apply to the entire region,
depending on possible referral biases, which were not addressed. From a national
mycobacterial referral center in Rio de Janeiro, Brazil, 174 patients with pulmonary NTM
during 1993-2011, were described (42). Because TB is generally diagnosed based on smear
microscopy rather than culture, 79% of patients had been treated empirically for up to six
months for TB before the diagnosis of NTM was made. NTM disease, defined by ATS
criteria, was diagnosed in 73% (127/174). Among patients with NTM disease, species
distribution was MAC first (35.4%), followed closely by M. kansasii (33.1%), then M.
abscessus (18.9%), and M. fortuitum (8.7%). It is uncertain whether the species distribution
is regionally representative, because the report came from a highly specialized referral
center, where one would suspect greater disease severity or complexity.

The finding that a large proportion of patients were initially receiving empiric, sometimes
prolonged, TB therapy, is consistent with the notion that NTM is likely under-recognized in
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regions with substantial TB rates, particularly in much of the world where laboratory
capacity is not sufficient to peform cultures for diagnosis of all TB suspects. In the Para state
of Brazil, a report regarding patients with pulmonary NTM isolated over 2010-2011 was
presented (43). Species distribution among the 29 patients who fulfilled ATS disease criteria
was M. massiliense first (44.8%), followed by MAC (20.7%), then M. abscessus (6.9%). Of
all positive mycobacterial cultures, 13.5% were NTM, suggestive that there under-
recognition of NTM among TB suspects when there is exclusive reliance on smear
microscopy.

Regarding population patterns, two recent South American studies presented data on age and
sex distribution in NTM PD. Among 173 patients with NTM PD at a national mycobacterial
referral centre in Rio de Janeiro, Brazil, during 1993-2011, 62% were male and the median
age was 55 years (42). Among 29 patients with NTM PD in the Para state of Brazil with
NTM PD during 2010-2011 72% were female and the mean age was 52.3 years (43). The
presence of pre-existing lung disease was addressed to some extent. In the study from Rio de
Janeiro, bronchiectasis and COPD were present in 22% and 21% of patients respectively,
suggesting strong associations with NTM PD (42). In the study from the state of Para, 76%
(22/29) of cases were thought to have prior TB (43). On the one hand, it is plausible that
bronchiectasis or other structural lung disease after TB was a major risk factor in these
patients. On the other hand, the designation of prior TB was likely made without
mycobacterial culture, so it is possible that at least some of the patients had NTM lung
disease from the outset.

In summary, relatively little can be concluded regarding the population frequency of
pulmonary NTM in Central and South America. Two studies provide data that could be used
for such estimates, but the lack of a reliable population denominator makes the estimates
questionable. Regional variation in the species distribution was evident among studies of
NTM disease. MAC was generally most common, and M. kansasii was also frequently
reported. Due to the possibility of bias in case ascertainment, it is difficult to make
conclusions regarding age and sex distributions from these two studies.

In the European region numerous recent studies exist using variable methodologies to study
NTM epidemiology - some population-based while others using sentinel-site methods to
extrapolate disease frequency over a larger region. Table 2 presents results of studies with
data on NTM frequency, while Table 3 presents results regarding relative frequency of
different NTM specie among populations with NTM disease. In Southwest Ireland, a
population-based study of pulmonary NTM reported average annual rates of 1.9/100,000
(isolation) and 0.2/100,000 (disease) over 1987-2000 (44). Temporal frequency data were
presented, but not by anatomic site, so inferences regarding temporal trends of pulmonary
NTM could not be made.

Studies from France have used a sentinel-site methodology, collecting data over 2000-2003,
from 32 sites widely distributed across the country (32, 45). Average annual rates of lung
disease in patients without HIV infection were estimated for all NTM at 0.73/100,000 (45)
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and for MAC at 0.2/100,000 (32). Estimates from these sentinel-site studies depended on
several assumptions, introducing some uncertainty. The network of sentinel sites was
established to provide surveillance of TB drug resistance, and prevalence estimates for NTM
depend on the assumption that the population serviced by the network is identical for TB
and NTM, with identical referral patterns into the network for TB and NTM. If referral into
the network is not comprehensive, perhaps affected by regional providers’ perception of
network sites’ interest or expertise, then results from sentinel sites may not be appropriately
generalized to the entire population.

Data from Leeds, United Kingdom, over 1995-1999, indicated an annual rate of NTM
isolation of approximately 2.9/100,000 and disease of 1.7/100,000 (46). In Central Greece,
over 2004-2006, annual rates of pulmonary NTM were 7.0/100,000 (isolation) and
0.7/100,000 (disease) (47). The Nijmegen-Arnhem region of the Netherlands has been
extensively studied. Investigators reported, over 1999-2005, annual isolation of
approximately 6.3/100,000 and disease of approximately 1.4/100,000 (48). Detailed analysis
of NTM epidemiology throughout Denmark over 1997-2008 revealed rates of average
annual isolation of 2.5/100,000 and disease of 1.1/100,000 (5). Period prevalence was not
presented, but a crude approximation, based on the reported median survival of
approximately 5 years, is 5-8/100,000. A population-based study from Crete, Greece over
2000-2009 reported an annual rate of disease of 0.6/100,000 (49). In the Borders region of
Scotland, over 1992-2010, the average annual rate of NTM lung disease was observed to be
1.6/100,000 (50). In Croatia, over 2006—-2010, the annual rates of NTM isolation and disease
(based on ATS microbiologic criteria) were observed to be 5.3/100,000 and 0.75/100,000
respectively (51).

Temporal trends in pulmonary NTM were presented, to some extent, in four studies. There
was a suggestion of a temporal increase in NTM PD in Leeds, United Kingdom, over 1995-
1999, although the observed absolute prevalence rates were low (46). In Croatia, the annual
identification of M. xenopi pulmonary disease increased steadily from 0.05/100,000 from the
early 1980s to 0.18/100,000 in the early 2000s (52). Data from the national reference
laboratory for mycobacteria in the In the Netherlands (receiving 85% of clinically isolated
NTM) over 2000-2006, demonstrated an approximate four-fold increase in the number of
patients with M. avium isolates referred in (53). Although changes in referral rates could
explain some of the increase, there was likely a substantial increase in pulmonary M. avium.
In the Scottish Borders region, over 1992—-2010, there was a substantial increase in NTM
lung disease, from 0.86/100,000 in 1992-2004, to 3.1/100,000 in 2005-2010 (50).

A number of European studies have presented useful data regarding age, sex, and pre-
existing lung disease in NTM PD (Table 4). The following weighted mean calculations were
performed among studies presented in Table 4 with non-overlapping populations. There was
an average age of approximately 62.5 years, apparently somewhat younger than the mean
age of NTM PD patients in North American studies. All but one study reported that patients
were mostly men - mean 57%, in contrast to findings in North America. The presence of
COPD, when reported, was described in 39% of NTM PD patients.
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In summary, recent literature from Europe continues to identify substantially lower rates of
pulmonary NTM isolation and disease than in North America, with several studies
demonstrating recent temporal increases. In contrast to observations in North America,
NTM PD patients in European studies tend be mostly men, and slightly younger. Some of
the differences likely relate to differences in smoking patterns. Recent data suggest that in
Europe, 23% of adults are smokers (with a 16% reduction during the prior decade), while in
the U.S.A. and Canada, approximately 15% of adults are smokers (with a 16% reduction
during the prior decade). Based on differences in recent smoking data, one might assume
that a higher proportion of NTM PD in Europe would be COPD/smoking-related,(54) and
perhaps due to a historical excess of men smoking, that men would comprise a higher
proportion of NTM PD patients.

Numerous recent African studies have investigated the frequency of pulmonary NTM in two
main types of populations. First, several investigations searched for NTM among patients
suspected of having pulmonary TB. In 10 hospitals in Western Kenya, over 2007-2009,
361/872 (45.1%) patients suspected of having pulmonary TB tested positive for
mycobacteria. Of patients with positive cultures, 95.8% (346/361) had TB, while 4.2%
(15/361) had NTM (55). In two TB centers in Nigeria, during 2010 and 2011, consecutive
TB suspects were assessed with mycobacterial cultures in addition to AFB smear (56). Of
1,603 TB suspects, 444 (28%) had pulmonary mycobacteria identified, of whom 375 (85%)
had M. tuberculosis complex species and 69 (15%) had NTM (56). Finally, in a surveillance
study of children and adolescents in rural Eastern Uganda, including 2,200 individuals
identified as pulmonary TB suspects, only eight patients (0.36%) had M. tuberculosis
complex species isolated, while 95 patients (4.3%) had NTM isolated (57). Although the
above studies did not provide adequate details regarding the proportion of patients who
fulfilled criteria for NTM disease, the results suggest that a potentially significant proportion
of African TB suspects may have NTM disease, but may not be detected in routine care.

The second relevant population type that has been studied comprises patients with “chronic”
pulmonary TB. In Burkina Faso, over 2007-2008, patients classified as having “chronic” TB
(positive acid-fast sputum smear after five months of standard therapy), were investigated
microbiologically to assess the common assumption, that “chronic” TB accurately identifies
multi-drug resistant (MDR) TB (58). Of 63 cases investigated, 38 patients (60.3%) had M.
tuberculosis complex species isolated, while 13 (20.6%) had NTM. In a similar study from a
TB referral center in Mali, 61 “chronic” TB patients were investigated, of whom 11 (18%)
were found to have only NTM in their sputum (59). These findings suggest that a substantial
proportion of patients in Africa with suspected MDR TB may actually have NTM PD.

Middle East and South Asia

No recent population-based studies of pulmonary NTM were identified from this region. A
number of studies, generally performed in single institutions, provide information regarding
species distribution among patients with NTM PD in this region. At a single center in
Turkey, during 2004—-2009, among 53 patients with pulmonary NTM isolation, 60% (31/53)
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were judged to have disease (60). The mean age of patients with disease was 54 years and
87.1% (27/31) were males (60). In a single institution in Israel, among 215 patients
identified with pulmonary NTM isolation over 2004—-2010, 21% (45/215) were judged to
have definite or probable disease, but clinical information was not detailed (61). From
various laboratories in Saudi Arabia, a sample of 95 patients with NTM isolation was
identified during 2009-2010, including 73 patients with pulmonary isolation, 67% of whom
(49/73) were judged to have pulmonary disease but clinical information was not detailed
(62). In Oman, over 2006-2007, a random sample of 13 NTM isolates from the Central
Public Health Laboratory in Muscat, was selected for case review (63). Eleven isolates were
pulmonary, and ATS disease criteria were fulfilled in 63.6% (7/11). Among patients with
NTM PD, the mean age was 46.3 years and 57.1% (4/7) were males. At a single institution
in Mumbai, India, during 20052008, 103 patients had pulmonary NTM isolates, with
65.0% (67/103) judged to have either “definite” or “probable” disease, but clinical
information was not detailed (64). Table 3 presents the species distributions among patients
with NTM PD from the above studies.

No population-based studies of pulmonary NTM epidemiology in East Asia were identified.
A number of studies have been done from single institutions and are described below. We
generally excluded studies that presented exclusively isolate-level data (lacking patient-level
data) and studies which focused on specific patient groups (critical care unit patients, cancer
patients, etc.). A number of South Korean studies offer insight into NTM PD species
distribution and patient characteristics, and suggest that NTM PD is becoming increasingly
common. At one institution in Seoul, over 2002—-2003, 794 patients with pulmonary NTM
isolates were classified according to disease status (65), using the 1997 American Thoracic
Society criteria (66) and the 2000 British Thoracic Society criteria (67) ascertained by full
review of medical records (65). Definite disease was defined by fulfilling both ATS and
BTS criteria, probable disease cases fulfilled only the BTS (less stringent) criteria, and
unlikely disease comprised the remainder. Of 195 patients judged to have either definite (n=
131) or possible (n=64) disease, the mean age was 63 years, and 55% were women. The
species distribution is shown in Table 3.

Recent Japanese studies provide insight into the prevalence of NTM PD, species
distribution, and patient features. A recent study used the mortality rate, among patients with
NTM PD, as a way to derive estimates of prevalence of NTM PD (10). The authors
estimated a national prevalence of NTM PD in Japan in 2005 at 33-65/100,000, and report
that most cases are caused by MAC (10). A single-institution study in Tokyo, describing 273
newly-diagnosed patients with MAC lung disease during 1996-2002, reported an average
age of 64 years, and a predominance of females (70%) (68). The authors divided the disease
into radiographic type according to the presence of cavitation, and observed that 30% of
females had cavitation, compared with 65-70% of males. Two additional studies of MAC
PD patients from Japan provide interesting insights (69-71). Among 634 HIV-negative
patients diagnosed with MAC PD over 1995-2005 in Saitama, the mean age at cohort entry
was 68.9 years, 58.5% were women, and 38.3% had pre-existing respiratory disease
(including 5.8% with emphysema) (69). Another group presented data on a cohort of 164
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patients identified with MAC PD over 1999-2005 in Kyoto, wherein the mean age was 66
years, 56.7% were women, and 61.6% had COPD (70). These studies support the notion that
MAC PD patients in Japan are generally older and mostly women, although the presence of
COPD was variable. However, referral bias may affect cohort characteristics in studies from
single institutions.

A number of studies from single institutions in Taiwan, provide insights into species
distribution and suggest that NTM PD is increasingly common. At an institution in
Kaohsiung City, Southern Taiwan, it was observed during 2004—-2005, that among the 67
patients with NTM PD identified, the average age was 67 years, 70% were males, and
88.1% had pre-existing lung disease, including 61.2% with COPD (72). At a hospital in
Taipei City, Northern Taiwan, the annual prevalence of NTM PD increased from
1.28/100,000 in 2000, to 7.94/100,000 in 2008 (73). From the same institution, 252 NTM
PD patients with classifiable radiographic patterns (cavitary, bronchiectatic, or
consolidative) were identified over 2007-2009 (74). The mean age was 63.7 years and
50.8% were men (74). The studies from Taiwan identified NTM PD patients as being in the
same age range as most other studies. However, in contrast to work from Japan and Korea,
Taiwanese studies described a slight male predominance. Referral biases may be relevant in
these single institution studies. Species distribution data from these studies are presented in
Table 3.

Two recent studies from China reported on the frequency of NTM isolation among patients
with mycobacterial isolates. From a single institution in Shanghai over 2005-2008, 5.1% of
positive mycobacterial cultures were NTM, increasing from 4.3% in 2005 to 6.4% in 2008
(75). In several counties in rural Shandong Province, of 2,949 specimens that were culture-
positive for mycobacteria, 64 were NTM (1.6%) (76). More detailed epidemiologic data
from China are not yet readily available.

In summary, recent NTM PD studies from East Asia describe patients who are usually in
their seventh decade (mean/median age 63—-69 years). South Korean and Japanese
investigators identified a majority of females, while Taiwanese work reported a slight male
predominance.

Australia and New Zealand

Recent literature from Australia and New Zealand includes three excellent population-based
studies describing the epidemiology of NTM PD. Table 2 presents data regarding disease
frequency, while Table 3 presents data regarding NTM species distribution. A nation-wide
Australian survey during 2000, focusing on incidence (patients without previously identified
pulmonary NTM), reported an annual isolation incidence of 5.9/100,000 and disease
incidence of 0.56/100,000 (77). In the state of Queensland, Australia, data were presented
from 1999-2005. In the most recent year of study, the annual prevalence of NTM PD was
3.2/100,000 (2). In New Zealand, in 2004, it was observed that the prevalence of NTM PD
was 1.17/100,000 (78). Temporal trends in NTM PD were presented in two Australian
studies. At the nationwide level, comparing 2000 with 1988, there appeared to be a minimal
increase in annual incidence, from 0.51/100,000 to 0.56/100,000 (77). In the state of
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Queensland, from 1999 to 2005, there was an increase from 2.2/100,000 to 3.2/100,000 (2).
In the latter study, note was made of a predominance of fibronodular (nodular
bronchiectatic) disease in the recent year of the study, compared with a previously reported
predominance of cavitary disease.

Regarding age and sex distributions, in Queensland, Australia, appreciable rates of NTM PD
occurred among patients who were at least 45 years old, and increased dramatically with
age, with a tripling in rates between the 45-59 year age group and the 6074 year age group
(2). In addition, women outnumbered men overall and in all age strata from 30 years and
older. In New Zealand, 79% of people with NTM PD were female, but age data were not
presented (78). In New Zealand, 82% of NTM PD patients were described as having
predisposing lung conditions, including 18% COPD, and 56% with bronchiectasis, where
cause versus effect may be difficult to discern (78).

Summary and Research Gaps

Population-based data for prevalence and trends estimation are available primarily from
North America, Europe, as well as for New Zealand and Australia, where NTM PD is a
reportable condition; these data have documented a continued increase in NTM prevalence
since 2000. Annual prevalence in North American and Australia, ranging from 3.2-9.8, is
generally higher than in Europe, where available estimates are all below 2 per 100,000.
Tertiary care-based studies of NTM PD from South Korea, Japan, and Taiwan, also suggest
increasing prevalence of NTM PD. In South America, Africa, and the Middle East, studies
among patients with suspected TB and MDR have documented a previously unappreciated
prevalence of NTM in this population, ranging from 4-15% for suspected TB and 18-20%
for suspected multi-drug resistant TB (MDR TB).

Clinical data available from several regions have allowed better characterization of the
affected populations. Across regions, the majority of cases occur among persons aged >50
years, with a mean age of 5470 years. In North America and East Asia, most NTM PD
cases are among women whereas in Europe men predominate among NTM PD cases, with
varying proportions of preexisting lung disease across regions. The species distribution also
varies by region, with MAC predominant in North America and East Asia, whereas in
Europe MAC is less predominant and M. kansasii, M. xenopi, and M. malmoense are found
with greater frequency. In addition, species vary by patient sex and the presence of
preexisting lung disease.

The available data highlight data needs and research gaps. To more fully characterize
prevalence and trends for NTM PD, population-based data on NTM isolates with species
information linked to clinical data and patient characteristics (age, sex, geographic location)
are needed from more geographic areas of the world. These data could be obtained by
linking NTM surveillance to existing TB surveillance, with reporting of all AFB isolates
linked to the above clinical and demographic information. In areas where such data are not
feasible to obtain, sentinel surveillance could be established at tertiary care centers serving a
large population. In particular, to advance the understanding of the influence of species and
subspecies type on disease type and progression, as well as the influence of environmental
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reservoirs on disease presentation, more detailed information related to both patient and
demographic factors are needed. Standard microbiologic and clinical data collection will
allow assessment of trends. The detection of important proportions of patients with NTM
isolates among patients screened for TB and MDR TB highlights the need for enhanced
mycobacterial laboratory capacity to discriminate between cases of TB and NTM, ensuring
correct diagnosis and management, as well as identifying the burden of NTM in these
settings.

With respect to risk factors for NTM, host and environmental factors interact to influence
disease risk. Beyond previously described structural abnormalities and immunosuppressive
conditions, host factors important to the current epidemiology of NTM PD include thoracic
skeletal abnormalities, rheumatoid arthritis, immunomodulatory drugs such as TNF-alpha
inhibitors (particularly in the RA population), steroid use, and GERD. Clustering of disease
within families suggests a heritable genetic predisposition to disease susceptibility, and
additional research is needed to identify these genetic factors. With respect to environmental
exposures to water and soil aerosols, very few individual exposures have been identified, but
new analytic approaches have highlighted the important of climatic factors such as warm,
humid environments with high atmospheric vapor pressure as contributing to population
risk. Additional research is needed to more specifically identify additional climatic and soil
factors, and their contribution to microbial growth. Further, the interaction of human
populations with these environments will be key to understanding the interaction of host and
environmental factors.
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Key Points

Population-based data from North America, Europe, and Australia, show that
NTM PD prevalence continues to increase, and that prevalence is lower in
Europe than in North America and Australia.

Large tertiary-care facility based studies in East Asia (Japan, South Korea,
Taiwan) also suggest high and increasing prevalence of NTM PD.

In selected African countries, NTM were identified in 4.2% to 15% of suspected
TB cases and 18-20% of persons with “chronic” suspected MDR TB.

Improved surveillance for NTM is needed, including population based
surveillance and sentinel studies

Host and environmental factors interact in disease risk; host factors include
neoplasms, preexisting lung disease and more recently identified factors such as
thoracic skeletal abnormalities, rheumatoid arthritis and immunomodulatory
drugs. Environmental risk factors for disease clustering include high vapor
pressure such as is found in warm, humid environments.
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Figure 1.

Annual prevalence of PNTM cases among a sample of U.S. Medicare Part B enrollees by

sex from 1997 to 2007.
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Clin Chest Med. Author manuscript; available in PMC 2016 March 01.




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Prevots and Marras

Table 1

Risk factors for NTM infection and disease

Page 24

Risk Factor Relative risk, Odds Disease or Infection
ratio, or Relative
Prevalence
Environmental- individual exposures
Soil exposure 5.9 (20) Disease
Indoor swimming pool use (in the past four months) 5.9 (1.3, 26.1) (19) Infection
Swimming pool use at least once per month (indoor or outdoor, over 0.15 (0.04-0.67)(18) Disease
the past five years)
Host factors
Lung cancer (neoplasms of larynx, trachea, and bronchus) 3.4(7) Disease
COPD 2-10 (7) (18) (27) Disease

Bronchiectasis

44-187.5 (7) (22)

Disease (coding) (7)
Disease (validated
microbiologic surrogate) (20)

Thoracic skeletal abnormalities 5.4 (18) Disease
Low body weight 9.09" (18) Disease
Rheumatoid arthritis 15 (7)'1_9# (25) - undefined (26) Disease
Immunomodulatory drugs/anti-TNF agents 1.3- Undefined (OR=infinity) (18) | Disease
anti-TNF agents 2.2 (79)
Others 1.6-2.9 (79)
Steroid use 8(18) Disease
1.6 (79)
Gastro-esophageal reflux disease 5.3% (27) Disease
15" (25)
Environment- climatic and population factors
Proportion of area as surface water 4.6 (17) Disease
Mean daily potential evapotranspiration 4.0 (17) Disease
Copper soil levels, per 1 ppm increase 1.2(1.0,1.2) (17) Disease
Sodium soil levels, per 0.1 ppm increase 1.9(1.2,2.9) (17) Disease
Manganese soil levels, per 100 ppm increase 0.7 (0.4,1.0) (17) Disease
Increased average topsoil depth 0.87 (M. intracellulare) (2) Disease
Soil bulk density 1.8 (M. kansasii) (2) Disease

*
Estimated from data in paper

#Hazard ratio, fully adjusted for age, sex, income, rurality, and comorbidities for NTM (HIV, COPD, asthma, and GERD)

+
Comparison of patients with NTM/TB with uninfected anti-TNF users
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