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Annual prevalence estimates for pulmonary nontuberculous mycobacterial (PNTM)
disease in the contiguous United States range from 1.4 to 13.9 per 100,000 persons,
while one study found an annual prevalence of up to 44 per 100,000 persons in Hawaii.
PNTM prevalence varies by region, sex, and race/ethnicity, with higher prevalence
among women and persons of Asian ancestry, as well as in the Southern United States
and Hawaii. Studies consistently indicate that PNTM prevalence is increasing, with
estimates ranging from 2.5 to 8% per year. Most PNTM disease is associated with
Mycobacterium avium complex (MAC), although the proportion of disease attributed to
MAC varies by region. Host factors identified as influencing disease risk include
structural lung disease, immunomodulatory medication, as well as variants in con-
nective tissue, mucociliary clearance, and immune genes. Environmental variables
including measures of atmospheric moisture and concentrations of certain soil factors
have also been shown to correlate with higher PNTM prevalence. Prevalence of
extrapulmonary NTM disease is lower, stable, and associated with different risk factors,
including primary immune deficiencies or HIV infection.

Nontuberculous mycobacteria (NTM) are ubiquitous envir-
onmental bacteria commonly found in water and soil and
can cause pulmonary and extrapulmonary infections in
susceptible individuals. NTM are increasingly recognized
as important causes of human morbidity and mortality,
with several recent studies highlighting significant increases
in prevalence of pulmonary NTM (PNTM) disease in the
United States and globally."~® While more than 180 myco-
bacterial species have been identified to date (full list can
be found at http://www.bacterio.net/mycobacterium.html),
significant epidemiologic variations exist by species, includ-
ing differences in geographic distribution and risk factors.”~®
Here, we review the epidemiology of PNTM disease in the
United States, including differences by mycobacterial species
and known host and environmental factors that appear to
impact disease risk.
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Prevalence in the United States

Understanding the epidemiologic patterns and trends of PNTM
in the United States is an ongoing challenge because PNTM is a
reportable condition in only 11 states. Unlike Mycobacterium
tuberculosis, which causes tuberculosis (TB), pulmonary infec-
tion due to NTM is not a nationally notifiable disease in most
of the United States, impeding the systematic monitoring of
its incidence, prevalence, and temporal trends. Instead,
available U.S. estimates for PNTM prevalence are generated
through studies utilizing other data sources, including local
surveillance efforts, single-site studies, clinical surveys, disease
registries, and large laboratory and claims-based datasets.
Additionally, the case definition for PNTM disease established
by the American Thoracic Society (ATS)/Infectious Disease
Society of America (IDSA)'® requires strict microbiological,
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radiological, and clinical criteria to be met, in an effort to rule
out transient infection. However, these stringent requirements
present further challenges in identifying all PNTM disease cases
and thus estimating its actual prevalence, as access to and use of
the medical care and services needed to meet these criteriavary
greatly across populations and especially by insurance cover-
age, race/ethnicity, and socioeconomic status.'’

To address these challenges, numerous studies utilizing
each of the data source types listed above—each with its own
advantages and limitations—along with various PNTM case
definitions ranging from single isolation studies to those
meeting full ATS/IDSA criteria, have been conducted to
address questions regarding the epidemiology and preva-
lence of PNTM in the United States.

PNTM Prevalence in the General Population

Because PNTM is a relatively rare condition, large popula-
tion-based datasets from various healthcare systems have
been particularly important in describing the burden of NTM
(=Table 1). The first nationwide estimates of PNTM preva-
lence were generated using a population-based sample of
nearly 3 million U.S. Medicare beneficiaries aged 65 and
older from 1997 to 2007 (~Table 1). This study found that
prevalence of PNTM, as estimated from the presence of at
least one International Classification of Disease (ICD)-9 code
specific for PNTM, increased significantly across all regions of
the United States by 8.2% per year, from 20 to 47 cases per
100,000 persons. This estimate is similar to what was
reported in a Canadian study that identified an annual
increase in the isolation prevalence of PNTM of 8.4% per
year from 1997 to 2003.3 Because PNTM is a chronic condi-
tion, and persons may have PNTM in more than 1 year, the
overall period prevalence of PNTM was estimated at 112
cases per 100,000 persons across all states. However, sig-
nificant geographic variations in prevalence were identified
by state and race/ethnicity. The highest period prevalence
was in the state of Hawaii at 396 cases per 100,000 persons,
followed by California, Florida, and Louisiana which had a
prevalence that was approximately twofold greater than the
national average (=Fig. 1). In addition, while more than 90%
of the PNTM cases identified were white, persons identified
as Asians/Pacific Islanders were at significantly greater risk
for disease, with a prevalence of twofold that of whites.
Limitations of this study included a lack of mycobacterial
laboratory data and the reliance on ICD-9 codes to identify
patients with PNTM disease, which has been shown to miss
~25 to 75% of cases.’>' While this study may therefore
underestimate the true prevalence of PNTM disease, the
patterns and trends identified here provided significant
insight into its epidemiology in the United States.

Two additional population-based studies were conducted
in large health maintenance organizations (HMO), represent-
ing a total of five sites in the United States: one at four HMOs in
different areas of the country, including parts of Southern
California, Colorado, Seattle, and Pennsylvania,'> and a second
study in Hawaii, which has a high prevalence of NTM as well as
a high proportion of the population with Asian/Pacific Islander
ancestry® (~Table 1). While these regional studies repre-
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sented fewer people and geographic areas than the Medicare
study, the inclusion of mycobacteriology laboratory data and
other clinical and demographic features across all age groups
resulted in robust prevalence estimates. These studies both
found that Mycobacterium avium complex (MAC) comprised
~80% of all cases and that PNTM was more common in older
adults, with an increased prevalence among women relative to
men (1.1- to 1.9-fold higher). Both studies also found a 2- to
2.9-fold higher prevalence of NTM compared with TB during
the same time period.' In the study of four health care
systems, annual prevalence among all ages ranged from 1.4 to
6.6 per 100,000 persons across the four regions and increased
from 1994 to 2006 by 2.6% per year among men and 2.9% per
year among women.'>

The Hawaii HMO study represented more than 300,000
beneficiaries enrolled in Kaiser Permanente Hawaii (KPH)
from 2005 through 2013 and estimated prevalence and trends
by species and race/ethnicity.2 Here, the annual prevalence of
PNTM isolation across all ages showed a relative increase of 6%
per year, from 9 to 19 cases per 100,000 persons over the study
period; when evaluated by species, the increase was found
only for MAC-associated PNTM. The overall period prevalence
was 122 cases per 100,000 persons for this time period and
increased to 696 cases per 100,000 persons among those aged
65 years and older—double of that was estimated for Hawaii
using insurance claims codes in the U.S. Medicare study.! Of
greatest interest in the KPH study? was differences by race/
ethnicity, with the highest period prevalence observed among
persons identified as Japanese, Korean, Chinese, or Vietna-
mese, with a prevalence of 293 to 336 cases per 100,000,
compared with a prevalence of only 156 cases per 100,000
persons for personsidentified as white. Persons who identified
as Native Hawaiians or Pacific Islanders had the lowest PNTM
prevalence at 50 cases per 100,000 persons. Gender differences
in NTM prevalence were also noted by racial/ethnic group.
Among persons who identified as Vietnamese, NTM was more
prevalent in men than in women (568 vs. 105 cases per
100,000 persons), while among those who identified as Japa-
nese, NTM was more prevalent in women than in men (378 vs.
287 cases per 100,000 persons); in all other racial/ethnic
groups, prevalence did not differ greatly by sex. The NTM
isolation prevalence was consistently double the prevalence of
PNTM cases meeting the definition for disease (i.e., two or
more positive mycobacterial cultures), regardless of age, sex,
or race/ethnicity. Differences in prevalence by NTM species
were also noted by race/ethnicity, with Japanese and Filipinos
twice as likely to have M. abscessus isolated and Vietnamese
more likely to have MAC, M. abscessus, and M. fortuitum group
isolated relative to other racial/ethnic groups.?

Population-based estimates of PNTM were also derived for
three counties in North Carolina, from which researchers
obtained clinical and demographic data for all samples tested
from 2006 to 2010 (=Table 1).In this study, the average annual
prevalence was 9.4 per 100,000 persons, and was similar
among men and women.'* However, significant differences
were observed by sex and race, whereby among women,
prevalence was highest among white women at 10.2 per
100,000 persons, while among men, prevalence was highest
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Fig.1 Period prevalence of PNTM reported among U.S. Medicare beneficiaries aged 65 years and older by state, 1997-2007." PNTM, pulmonary

nontuberculous mycobacterial.

for black men at ~7 per 100,000."* Although estimates were
not adjusted for age, observed rates by age showed a nearby
twofold increased prevalence at nearly 40 per 100,000 persons
among whites aged >60 years compared with nearly 20 per
100,000 persons among blacks in the same age group.'*

In Oregon, a state-wide surveillance system was imple-
mented and used to generate population-based PNTM esti-
mates (~Table 1), where near-complete identification of all
NTM isolates was achieved by state-mandated reporting of
NTM for a 2-year period from 2005 to 2006.'® This allowed
for complete chart review with estimation of the prevalence
of cases with microbiologic criteria meeting the ATS case
definition for PNTM, as well as validating the specificity of
these criteria for identifying those patients who met the full
ATS NTM disease criteria among patients in the Portland Tri-
County metropolitan region. Considering only those who
met full ATS disease criteria, the prevalence of NTM disease
in this region was found to be 8.6 cases per 100,000 persons
over the 2-year period; however, this is an underestimate, as
30% of patients lacked an evaluable record. Of those meeting
microbiologic criteria, 87% also fulfilled the full case defini-
tion, 88% of who had disease caused by MAC.'%1°

In a follow-up study in Oregon, data were also collected
from all microbiologic laboratories serving the state from 2007
to 2012'% (~Table 1). Using the previous data from 2005 to
2006 to exclude prevalent cases,' they found annual inci-
dence rates that ranged from 4.8 per 100,000 persons in 2007
to 5.6 per 100,000 persons in 2012.'® Incidence was higher
among women overall, but among persons aged <60 years,
incidence was higher among men compared with women.'®
The close correspondence of the incidence rates with the

Seminars in Respiratory and Critical Care Medicine Vol. 39 No. 3/2018

prevalence estimated from this and other studies suggests
that, because most patients only have a single pulmonary
specimen tested for NTM, the observed prevalence alsoreflects
incidence, or the first diagnosis of disease.

While PNTM disease is not a nationally reportable condi-
tion in the United States, several states do have NTM infection
or disease listed as a notifiable condition. In 2015, electronic
data from five of these states with reporting requirements
were used to estimate trends in NTM infection, defined as at
least one isolate of NTM (including both pulmonary and
extrapulmonary sources; =Table 1). For all states combined,
the average annual age-adjusted prevalence increased from
8.7 to 13.9 cases per 100,000 persons between 2008 and
2013."7 The increase was most marked in the >50 age group,
with an annual percent change of 11.8%."”

Recently, to estimate the overall burden of PNTM across all
age groups, in the United States, investigators used prevalence
estimates from Medicare data and clinician/patient survey
data to generate a national prevalence estimate across all age
groups weighted by the age distribution of the U.S. popula-
tion.'® Additionally, by combining these data with data on
treatment cost by type of insurance, this study estimated a
total of 86,244 NTM cases in the United States in 2010, at a cost
of $815 million. Case numbers were highest among coastal and
southeastern states, with California, Florida, Texas, New York,
and Pennsylvania (which ranged from an estimated 3,969 to
12,544 cases in 2010) comprising 44% of the annual costs in the
United States. When the previously estimated annual increase
in PNTM prevalence of 8.2%' was applied, projected national
case numbers for 2014 increased to 181,037, with an asso-
ciated annual cost of $1.7 billion.'8
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NTM Period Prevalence

Fig.2 Prevalence of PNTM isolated from persons with cystic fibrosis in the United States, 2010-2014."° PNTM, pulmonary nontuberculous mycobacterial.

PNTM Prevalence in High-Risk Populations

Although PNTM remains rare in the general population,
individuals with certain comorbid conditions and/or under-
lying pulmonary genetic defects are at significantly greater
risk of acquiring PNTM. Among persons with cystic fibrosis
(CF), who are highly susceptible to opportunistic pathogens,
prevalence averages 12% nationally, and is up to 50% in some
geographic regions™'® (~Fig. 2). Studies indicate that like in
the general population, PNTM prevalence in the CF popula-
tion has been identified and/or reported with greater fre-
quency over time, from just 1% in a limited study in 19842% up

to 14% across a 2-year period from 2010 to 2011 among all
persons with CF in the United States.” This latter study
utilized data from the CF Foundation’s national patient
registry (CFPR), which since 2010 has collected detailed
mycobacterial laboratory data on >90% of all persons with
CF in the United States, facilitating longitudinal epidemio-
logic analyses of NTM®'%2" (~Table 1). Among those with
PNTM isolated, 61% had MAC and 39% had M. abscessus, a
species distribution that has remained stable over time, but
varies greatly by state (~Fig. 3).° More recently, an analysis
conducted using CFPR data through 2014 demonstrated a

% of Cultures with M. abscessus

- >80 — 100
H s0-&0 -
’
. 40 .
=20 —40 e
0-20 '

Fig. 3 Percentage of positive mycobacterial cultures attributed to M. abscessus among persons with cystic fibrosis in the United States, 2010-

2011.° PNTM, pulmonary nontuberculous mycobacterial.
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significant relative increase in PNTM isolation by 5% per year,
from 11%in 2010 to over 13%in 2014"° (=Table 1). This study
also showed that over a 5-year observational period, 20%, or
one in five persons with CF, had a positive mycobacterial
culture at least once. These individuals were more likely to
receive their initial CF diagnosis after age 30 years, with a
PNTM prevalence nearly double that of those diagnosed with
CF by age 3. Additionally, those with M. abscessus were
younger at initial CF diagnosis, and were more frequently
homozygous for the p.Phe508del mutation, which typically
reflects a more severe CF phenotype,?? relative to those with
MAC-—although not compared with CF study participants
without PNTM isolated.'

Other populations that are highly susceptible to PNTM
include persons with chronic comorbid conditions that affect
the lungs such as chronic obstructive pulmonary disorder
(COPD), bronchiectasis, and primary ciliary dyskinesia (PCD),
or with conditions where treatment with immunosuppressants
or immunomodulatory agents is common, such as rheumatoid
arthritis (RA). In the PNTM study on U.S. Medicare benefici-
aries,’ among women with PNTM, claims for RA and bronch-
iectasis were 1.5 and 1.7 times more common, respectively,
while among men with PNTM, claims for diabetes and lung
cancer were each 1.5 times more common than those without
PNTM. In this same study, the prevalence of COPD, which
included ICD-9 codes for COPD, emphysema, and chronic
bronchitis, was 87% among PNTM cases and 44% among non-
cases; these estimates did not vary significantly by sex or
geographic region,1 Similarly, in a retrospective cohort study
conducted using U.S. hospital-based patient encounters from
176 hospitals nationwide, 28% of patients with NTM-positive
cultures had COPD, and 11% had bronchiectasis.’> Another
population-based study conducted among older adults in
Ontario diagnosed with RA found that individuals with NTM
disease were twice as likely to be using anti-tumor necrosis
factor (anti-TNF) therapy for treatment of their RA than those
without NTM disease.?* In a study evaluating persons with
confirmed PCD, among those over age 30 years, 10% had NTM
isolated®® (~Table 1). Finally, in a recent study among persons
living in Taiwan and with Sjogren’s syndrome, a systemic
chronic inflammatory disorder characterized by lymphocytic
infiltrates in the exocrine glands, those treated with immuno-
suppressants were 25 times more likely to have an incident NTM
infection than those treated without immunosuppressants.26

Trend of Increasing PNTM Prevalence over Time

Several studies have noted an increasing prevalence of PNTM
over time, both of isolation and of those meeting ATS/IDSA
disease criteria (~Table 1).">'317%7 Adjemian et al and
Marras et al identified increases of ~8% per year in indepen-
dently conducted studies over a similar time period in the
United States and Canada."? Similarly, both HMO studies
conducted across five U.S. sites observed increases over
time, although at rates ranging from 2.5 to 6% per year,>'3
which is also consistent with the increases observed in the U.S.
CF population.’ Du Moulin et al®’ demonstrated a fivefold
increase in the number of patients with MAC isolates in
Massachusetts from 1972 to 1983, suggesting that this trend
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of an increasing prevalence has been occurring prior to these
recent studies, at least in some areas. The increase in PNTM
may represent a true increase in disease, or a combination of
factors including improved diagnostics and heightened aware-
ness of NTM. For instance, improved mycobacterial diagnostics
and increased use of imaging technology such as computed
tomography scans’® may have resulted in more accurate
detection and therefore an increased diagnosis of NTM infec-
tions among patients. Nonetheless, increases in NTM isolation
and disease prevalence have been detected worldwide and
over various time periods,2‘4'13’2("‘34 suggesting that at least
some of the observed increase is likely true even after con-
sidering increased awareness and diagnosis.

The increasing prevalence of PNTM has been hypothe-
sized to be a result of increased concentration of NTM in the
environment related to the passage of the Clean Water Act in
1970. This Act led to widespread disinfection of drinking
water and may have inadvertently selected for increased
levels of mycobacteria due to their inherent resistance to
chlorination relative to other competing microorganisms.35
However, that change implemented during the 1970s may
not explain the gradual and continued increase seen during
the 2000s, which could be partly explained by increased
awareness and diagnosis, along with rapid molecular probes
for species identification. Additionally, as noted earlier,
therapies that inhibit TNF-«, a cytokine which mediates
host immune defense against opportunistic pathogens,
have become widely used within the last decade to treat
autoimmune inflammatory conditions such as RA, thus
increasing the risk of NTM infection in these patients and
perhaps contributing to its increasing prevalence.'%2436
However, increases in TNF-a inhibitor exposure would not
account for the increased prevalence observed in the general
population not receiving these medications. Another factor
that could contribute to observed increases in numbers of
cases over time is the aging population, as older adults are at
increased risk for PNTM"2'8 and the proportion of Amer-
icans over age 65 years is expected to nearly double by
2030.37 However, most prevalence estimates were age-
adjusted, therefore limiting the impact of this in any
observed increases over time. Systematic monitoring of
PNTM isolation and ATS/IDSA-defined disease is needed to
better understand trends over time and any factors influen-
cing observed changes.

PNTM Treatment and Mortality Estimates

Managing PNTM disease is a lengthy, complicated, and time-
consuming process,>® and some components of recommended
therapy remain controversial. Although the 2007 ATS/IDSA
guidelines specify evidence-based treatment regimens for
PNTM disease caused by MAC, no established regimens of
proven efficacy exist for M. abscessus, which can cause sig-
nificant morbidity and mortality; rather, the guidelines suggest
combination therapy of a macrolide with amikacin plus cefox-
itin or imipenem, acknowledging a lack of clinical efficacy
evidence for drugs other than clarithromycin.'® Even for disease
where antibiotic regimens are specified, compliance among
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both providers and patients is poor,>*° likely due to the
complex nature of treatments and frequently reported drug
intolerances*'™ In a survey of U.S. physicians conducted
during 2011 to 2012, respondents were asked to extract
medical record data on the treatment of their last four patients
treated for NTM disease.>® Of MAC patients, only 13% were
treated with a regimen consistent with ATS/IDSA guidelines,
and 16% were treated with macrolide monotherapy, which can
increase the risk of macrolide resistance and is associated with
poor outcomes; 56% were treated with a regimen that did not
include a macrolide at all. While pulmonologists were more
likely to prescribe the recommended regimen (18%) compared
with infectious disease (10%) and family/general practice/inter-
nal medicine (9%) physicians, the low levels of adherence to
treatment guidelines across specialties raise concerns about
physician knowledge regarding PNTM treatment. Studies
on treatment compliance conducted in Europe, Japan, and
Australia found similar trends.*

Because of the lack of long-term follow-up data, estimates
of PNTM-associated mortality are limited. In the U.S. Med-
icare beneficiary study, persons over age 65 years with PNTM
were 40% more likely to die than noncases, with a higher risk
of death among men and among persons identified as black.’
National mortality data from the National Center for Health
Statistics have also been used to estimate the NTM-asso-
ciated mortality rate based on ICD codes from 1999 to
2014.* A significant increase in non-human immunodefi-
ciency virus (HIV)-associated mortality was observed during
that period, while the proportion of HIV-associated deaths
decreased from 33% in 1999 to 4% in 2014.** Thus, in an era
where antiretrovirals are now widely used in the HIV-
infected population, the burden of NTM has shifted to the
HIV-negative population. Mortality was also assessed among
Oregon patients with either NTM disease or NTM isolation
and a 5-year age-adjusted mortality rate of 28.7 per 1,000
persons was found among those meeting ATS disease criteria
(NTM disease) versus 23.4 per 1,000 persons among those
not meeting ATS disease criteria (NTM isolation).*>

PNTM Risk Factors

Risk of PNTM disease is determined by the interaction of
environmental, microbial, and host factors. A variety of host
factors favor growth of mycobacteria and increase disease
risk, including structural, immunologic, and genetic differ-
ences. Structural defects associated with NTM include con-
ditions such as COPD, which has been identified in 18 to 38%
of patients with NTM."13-234¢ Lung cancer is also associated
with NTM lung disease, with an increased prevalence iden-
tified among male Medicare beneficiaries with PNTM.! An
additional single-center study found that 25% of lung cancer
patients had a positive MAC culture compared with only 3%
of patients undergoing bronchoscopy for nonbronchiectatic
benign lung disease.*’ Disorders of mucociliary clearance,
including CF>*® and PCD,? are associated with high rates of
PNTM disease. Low ciliary beat frequency has also been
associated with increased PNTM disease risk in a case-
control study of patients not diagnosed with these other
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conditions.*® Certain treatment for these lung disorders,
specifically immunologic therapy, can confer increased risk
by inhibiting the immune response to mycobacteria. TNF-a
blockers have been repeatedly associated with NTM risk in
both cohort studies and case—control studies, as have ster-
oids and other immunosuppressive or immunomodulatory
medications.?*46>%>1 Within the CF population, chronic
macrolide use appears to be protective against the develop-
ment of an initial PNTM infection.'®:>?

In addition to predisposing structural lung abnormalities,
factors, family and genetic association studies in patients
without known associated conditions found that PNTM dis-
ease was correlated with low body mass index, thoracic
skeletal abnormalities, mitral valve prolapse, and connective
tissue disorders.*®>3>% PNTM disease and these associated
traits also appear to cluster in families, suggesting common
genetic risk factors.>*>> A whole-exome sequencing study
using a candidate gene approach found that patients had
more low-frequency variants in genes related to immune
function, ciliary movement, connective tissue, as well as in
the gene coding for the CF transmembrane conductance
regulator (CFTR) protein (which causes CF when both copies
are nonfunctional) compared with both unaffected relatives
and control subjects.”® Another study evaluating 13 genetic
variants of the CFTR gene among Korean patients by whole-
exome sequencing found that the Q1352H mutation showed a
significantly higher frequency in PNTM patients than in con-
trols, suggesting that this CFTR gene variant may increase
susceptibility to NTM lung disease.>’ Similarly, Colombo et al
found known CFTR genetic variants or novel mutations in 42%
(5 of 12) of NTM patients evaluated with familial disease,”
while other studies reported a prevalence of CFTR mutations
among PNTM cases ranging from 37 to 50%.%>>8

In addition to host-specific risk factors, tremendous geo-
graphic variation in both PNTM prevalence and mycobacter-
ial species distribution has been noted throughout the
United States, highlighting the importance of environmental
risk factors in the development of PNTM disease. Historically,
evidence for geographic variation in NTM exposure came
from a M. intracellulare skin test sensitization study con-
ducted among Navy recruits who were lifelong residents of a
single county, which found that reactivity to the Battey
antigen, derived from M. intracellulare, was higher among
recruits from the Southeastern and Southwestern United
States.”® More recently, disease prevalence and clustering
has been associated with climatic factors at the population
level, with disease clustering associated with factors related
to moisture in the air. Medicare claims data examined at the
county level identified seven significant clusters, or high-risk
areas, of PNTM cases encompassing parts of California,
Florida, Hawaii, Louisiana, New York, Oklahoma, Pennsylva-
nia, and Wisconsin.” Compared with low-risk counties, these
areas had a higher proportion of surface water and higher
mean daily potential evapotranspiration, suggesting possible
roles for climatic factors in PNTM disease risk. Soil factors
were also identified as important, with high-risk counties
having higher levels of copper and sodium, and lower levels
of manganese in the soil.” The importance of climatic factors
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was also identified in a study of persons with CF, where the
most predictive factor of PNTM disease was the saturated
vapor pressure associated with his or her residential zip
code.® This is similar to another study of patients at 21 CF
centers that correlated PNTM prevalence with the average
annual atmospheric water vaper content.®

Environments that foster greater levels of moisture in the
atmosphere appear to increase the risk for NTM exposure
and subsequent pulmonary disease. In particular, several
studies have now consistently identified Hawaii as the high-
est-risk state in the country for PNTM, independent of host-
level factors such as race/ethnicity.">7->1%-61 Additionally,
data from both the Hawaii HMO study? and another study of
military-affiliated persons with CF residing in Hawaii®
suggest that increased duration of residence in Hawaii is
associated with increased risk of PNTM infection, likely due
to a longer duration of sustained, high-level environmental
exposure. It is possible that this increased potential for
environmental exposure in Hawaii is due to unique condi-
tions present on the islands.®? For instance, many of the zonal
soil groups in the Hawaiian Islands are classified as being
humic,® and soil samples containing humic acid as a prin-
cipal component have been associated with high numbers of
NTM.®° These environmental associations are also consistent
with previous microbiologic findings that environmental
prevalence of NTM is related to warmer temperature, low
dissolved oxygen, high soluble zinc, low pH, high humic acid,
and high fulminic acid.®®

Environmental risk factors for NTM may vary dependent
on species, which in turn have different clinical relevance.
One study based on microbiologic data from a nationally
distributed electronic health record database found that
species prevalence varies by region, with the proportion of
isolates identified as MAC ranging from 61% in the West
South Central region (states included AR, LA, OK, TX) to 91%
in the East South Central region (AL, KY, MS, TN).23 The
proportion of M. abscessus/M. chelonae isolates also varied
significantly from 2% in the East South Central region to 18%
in the West South Central region. Another study among CF
patients had similar findings, with a greater percentage of
positive mycobacterial cultures detected in southern and
southeastern states due to infection from M. abscessus
compared with most western and mid-western states, where
MAC was responsible for most infections observed. Further-
more, the percentage of isolates identified as MAC ranged
greatly by state, from only 29% in Louisiana to 100% in
Nebraska.” These results suggest that environmental risk
factors for infection may vary by species, which has impor-
tant implications for patients as treatment practices and
clinical outcomes are species specific.

Several studies have also suggested that a household’s
water source and water pipe biofilms represent a potentially
important source of NTM exposure. Two studies used repe-
titive sequence-based PCR to identify genetic matches
between variants in environmental samples from patient
households and clinical isolates from these same
patients.%®-%7 This led to an investigation of factors affecting
NTM recovery from household water, and the discovery that
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households with water heaters set at temperatures above 55°
C had a lower rate of recovery of NTM.®® However, significant
variability in heat susceptibility of mycobacteria has been
demonstrated in a laboratory setting, leading to concerns
that alterations to water heater settings might select for
more thermoresistant, and potentially more pathogenic,
strains such as M. xenopi.®® Another factor that appears to
influence risk of PNTM is the watershed affiliated with a
patient’s area of residence.®® Using data on non-CF NTM
patients treated at National Jewish Health and residing in
Colorado, researchers found that three specific watersheds
were at increased risk of PNTM, all of which appear to share a
similar water source and distribution mechanism.®°

Soil and dust have also been identified as potential sources
of NTM exposure. Aerosols generated from potting soils in
households of PNTM patients were found to contain known
pathogenic NTM species, including M. avium, M. intracellulare,
and M. kansasii, some of which matched corresponding patient
isolates by pulsed-field gel electrophoresis genotyping.’® Simi-
lar findings were obtained from a study examining soil samples
from patient households in Japan, which found NTM in potting
soil, residential yard soil, and farm soil. Using variable number
tandem repeat genotyping, matches between isolates obtained
from residential soil samples and directly from patients were
identified for six patients with high soil exposure.”’ One study
conducted in Palm Beach County, Florida, obtained detailed
measurements on the intensity of soil-related exposures and
found that participation in occupations with greater amounts
of soil exposure was significantly associated with a positive M.
avium skin test reaction, with a dose-response relationship.72

Behavioral exposures for NTM have been difficult to assess
due to the rarity of the disease, ubiquity of the organism, and
high frequency of common potential household and environ-
mental exposures. Case-control studies conducted in both
high-risk and general populations have identified some factors
associated with NTM infection or disease. A nested case-
control study among CF patients assessed exposures that
occurred within a 4-month window prior to the patient’s first
positive NTM culture, compared with control subjects with
negative cultures throughout the study period.®® Awide range
of exposures were examined, including showering, residential,
and drinking water supply; soil exposure through gardening;
and nebulizer use, but key factors significantly associated with
incident infection included indoor swimming pool use in the
previous 4 months and observing tap water appearing rusty or
unclear.®? In the general population, a case-control study in
Oregon found that out of a list of water aerosol-generating
activities including showering and Jacuzzi use, only spraying
plants with a spray-bottle was significantly positively corre-
lated with disease.® The same study found that dishwashing
by hand and swimming in the past 5 years (indoor or outdoor)
were protective against NTM; however, this is thought to be
the result of a bias toward these activities in healthier people.46
None of the soil aerosol-generating activities, including pot-
ting plants, gardening, and lawn maintenance, were signifi-
cantly associated with disease.*® While neither of these
two U.S.-based case-control studies found a relationship
between soil exposure and PNTM disease, a case-control study
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of bronchiectasis patients in Japan with and without PNTM
disease found that case-patients were more likely to have high
levels of soil exposure (>2 hours per day).73 Similarly, a
Florida-based study identified a dose-response relationship
between occupational soil exposure and NTM risk.”? These
differing results suggest that the routes of exposure vary by
setting and population.

While NTM is primarily acquired from the environment,
recent episodes of M. abscessus transmission among CF
patients have been detected. Outbreaks of M. abscessus subsp.
massiliense have been identified at multiple CF centers through
whole-genome sequencing or other genetic analyses of patient
isolates.”*~7® Whole-genome sequencing has also detected a
high level of relatedness among outbreak strains from
the United States and United Kingdom.”®’” The small (<20)
differences in single nucleotide polymorphisms between out-
break strains have been suggested as possible proof of recent
transmission between continents, although geographical
differences in large-scale deletions and insertions raises the
possibility of independent selection of more transmissible
strains in both countries with local evolution.”®~’® Addition-
ally, contact tracing has not identified transmission routes
between outbreaks; however, a recent laboratory study indi-
cated M. abscessus may be viable in fomites.”®

Extrapulmonary NTM Epidemiology

Extrapulmonary manifestations of NTM disease include dis-
seminated, skin, joint, and lymph node infections. These
infections differ greatly from PNTM disease in terms of both
prevalence in the United States and associated risk factors,
especially regarding the host, with a different population
typically affected compared with those who are at increased
risk for PNTM disease. Individuals susceptible to extrapulmon-
ary NTM infections, especially disseminated disease, typically
include those with other comorbidities that result in a com-
promised immune system, such as underlying immunologic
disorders and HIV infection.3%8! Additionally, unlike PNTM
disease, extrapulmonary NTM infections can be associated
with medical or cosmetic procedures that expose a wound to
sources contaminated with mycobacteria.82

While population-based studies exist for PNTM, few current
studies describe the epidemiology of extrapulmonary NTM in
the United States. One recent study in Oregon evaluated the
prevalence of extrapulmonary NTM using statewide popula-
tion-based laboratory surveillance data from 2007 to 2012.8°
These researchers estimated an annual incidence of extrapul-
monary NTM infection of 1.5 cases per 100,000 population,
which was stable over time. Extrapulmonary NTM patients
were younger on average than PNTM patients, with a median
age of 51 years. Additionally, while half of the cases identified
had MAC, rapid-growing NTM species were identified at a
much greater frequency than among PNTM patients within the
state and represented a third of all cases.?® These findings are
similar to results from another recent study utilizing a large
electronic medical record database, with linked laboratory,
demographic, and clinical information for hospitalized patients
from 156 hospitals throughout the United States between 2005
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and 20158 There, extrapulmonary NTM incidence was esti-
mated at 1.9 cases per 100,000 persons, 55% of which repre-
sented skin and soft-tissue infections. Common comorbidities
identified among these cases included fungal infections (16%)
and HIV (14%). Like in the Oregon study, just over half of the
cases had MAC infections and 26% had infections with rapid-
growing NTM. This study also identified regional differences in
species, with 81% of all M. abscessus cases in the South and 67%
of MAC cases in the Northeast.

Research Needs

Epidemiological studies performed thus far highlight the
increasing prevalence of NTM in the United States and its
disproportionate burden on older populations and persons of
Asian ancestry, with varying risk in different Asian subpopula-
tions, especially in high-risk environments."? To further
elucidate the risk and burden of NTM disease, population-level
research is needed in several disparate areas, including obtain-
ing more detailed species-specific information on environ-
mental reservoirs and geographic clustering of disease by
species, as well as clinical studies to further identify genes
associated with disease susceptibility. Regarding treatment,
given that guidelines do not recommend universal treatment
following NTM diagnosis due to the high cost, long duration,
and significant side effects of the currently available therapies,
further study of factors determining the treatment success and
associated outcomes is warranted. In addition, poor treatment
outcomes may be mediated in great part by antibiotic resis-
tance, but the risk of developing antibiotic resistance has not
been well studied. For species such as M. abscessus, which may
have resistance to first-line antibiotics (e.g., macrolides) prior
to treatment, studies of the frequency of antibiotic resistance
among isolates from treatment-naive patients would also be
useful. Moreover, the high rates of reinfection seen in single-
center studies support the importance of host susceptibility,
and support the idea of studying risk factors for infection or
reinfection in these most vulnerable populations. Lastly, a few
recent studies identified a potential dose-response relation-
ship with greater numbers of years residing in high-risk
environments, such as Hawaii, and the risk of NTM acquisition
among both the general population? and among persons with
CE%2 More research is needed to understand biological
mechanisms that drive the increased risk and prevalence of
NTM observed with greater duration of high environmental
exposure levels, especially in particularly vulnerable popula-
tions like individuals with CF.
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