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Background. Nontuberculous mycobacteria (NTM) cause pulmonary (PNTM) and extrapulmonary (ENTM) disease.
Infections are difficult to diagnose and treat, and exposures occur in healthcare and community settings. In the United States,
NTM epidemiology has been described largely through analyses of microbiology data from health departments, electronic
health records, and administrative data. We describe findings from a multisite pilot of active, laboratory- and population-based
NTM surveillance.

Methods. The Centers for Disease Control and Prevention’s Emerging Infections Program conducted NTM surveillance at 4
sites (Colorado, 5 counties; Minnesota, 2 counties; New York, 2 counties; and Oregon, 3 counties [PNTM] and statewide [ENTM])
from 1 October 2019 through 31 March 2020. PNTM cases were defined using published microbiologic criteria. ENTM cases
required NTM isolation from a nonpulmonary specimen, excluding stool and rectal swabs. Patient data were collected via
medical record review.

Results. Overall, 299 NTM cases were reported (PNTM: 231, 77%); Mycobacterium avium complex was the most common
species group. Annualized prevalence was 7.5/100 000 population (PNTM: 6.1/100 000; ENTM: 1.4/100 000). Most patients had
signs or symptoms in the 14 days before positive specimen collection (ENTM: 62, 91.2%; PNTM: 201, 87.0%). Of PNTM cases,
145 (62.8%) were female and 168 (72.7%) had underlying chronic lung disease. Among ENTM cases, 29 (42.6%) were female,
21 (30.9%) did not have documented underlying conditions, and 26 (38.2%) had infection at the site of a medical device or
procedure.

Conclusions. Active, population-based NTM surveillance will provide data for monitoring the burden of disease and
characterize affected populations to inform interventions.

Keywords. nontuberculous mycobacteria; surveillance; epidemiology.

Nontuberculous mycobacteria (NTM) are common environ-
mental organisms that can cause pulmonary (PNTM) and ex-
trapulmonary (ENTM) disease. People can be exposed to NTM
via soil and water, including in building plumbing systems and
community and healthcare environments [1]. Population-level
risk has been associated with climatic factors and trace elements
in source water [2, 3], and community-associated NTM infec-
tions have been linked to exposures such as tattoos and hot

Received 21 December 2022; editorial decision 06 April 2023; published online 21 April 2023
Correspondence: C. Grigg, Epidemiology Research and Innovations Branch, Division of
Healthcare Quality Promotion, Centers for Disease Control and Prevention, 1600 Clifton Rd
MS- H16-3, Atlanta, GA 30333, USA (vqv9@cdc.gov).
Clinical Infectious Diseases® 2023;77(4):629-37
Published by Oxford University Press on behalf of Infectious Diseases Society of America 2023.
This work is written by (a) US Government employee(s) and is in the public domain in the US.
https://doi.org/10.1093/cid/ciad214

tubs [4-6]. Healthcare outbreaks have been associated with expo-
sure to NTM-contaminated water, including via dental proce-
dures, invasive medical devices, and heater—cooler devices used
during cardiac surgery [7-12]. NTM infections acquired through
water exposure can lead to a high burden of hospitalizations and
high healthcare costs [13]. NTM disease can be difficult to diag-
nose and treat due to factors such as slow growth in culture, pres-
ence of underlying conditions, lengthy clinical course, treatment
complexity, and antibiotic resistance.

Most descriptions of US NTM epidemiology come from
analyses of microbiology data reported to health departments,
electronic health records, and administrative data [4, 14-23].
Some studies have shown increases in PNTM disease burden
over the past 2 decades [16, 19, 20]. However, administrative
data have variable accuracy for identifying NTM disease [24],
and available data may have limited information on individual
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patient characteristics. We sought to address these challenges
by piloting active, laboratory- and population-based NTM
surveillance in 4 areas of the United States to describe the
epidemiology and assess the feasibility of and improve methods
for ongoing surveillance.

METHODS

Surveillance System

Surveillance was conducted from 1 October 2019 through 31
March 2020 by the Centers for Disease Control and
Prevention’s (CDC’s) Emerging Infections Program (EIP) [25]
in Colorado (5 counties), Minnesota (2 counties), New York (2
counties), and Oregon (3 counties, PNTM; statewide, ENTM).
The total population under surveillance was 7531331 for
PNTM and 9916 434 for ENTM (Supplementary Table).

The human subjects advisor in the CDC’s National Center
for Emerging and Zoonotic Infectious Diseases reviewed the
project and determined that it constituted a nonresearch public
health surveillance activity. CDC institutional review board
(IRB) review was not required. The project was reviewed at par-
ticipating EIP sites and was deemed a nonresearch public
health activity or received IRB approval.

Case Definitions

Case-patients were surveillance area residents who met the case
definitions described below and had >1 NTM-positive clinical
specimen collected during the surveillance period. The first
NTM-positive clinical specimen during the surveillance period
was considered the index specimen. Species excluded from sur-
veillance are listed in the Supplementary Material.

PNTM cases were defined based on the microbiologic com-
ponent of US and European clinical practice guideline criteria
for PNTM disease diagnosis (Supplementary Methods) [26].
Whether case-patients had medical record documentation of
clinician-diagnosed NTM disease and met the clinical and ra-
diologic components of the PNTM diagnostic criteria were
also assessed (Supplementary Methods).

ENTM cases were defined by NTM isolated from any non-
pulmonary body site, excluding stool and rectal swabs.
PNTM and ENTM cases identified in the same patient were re-
ported separately.

Cases were considered prevalent if NTM were detected in
specimens collected before the surveillance period and <6
months before the date of index specimen collection (DISC)
or if medical records indicated NTM disease was present before
the surveillance period. Otherwise, cases were considered

incident.

Data Collection
EIP site staff worked with the clinical and public health labora-
tories serving surveillance area residents to obtain reports of

NTM-positive clinical specimens along with relevant patient
information, with the goal of identifying all cases in residents
of the surveillance area during the pilot period. Demographic
and clinical data, information on selected community and
healthcare exposures, and laboratory data were abstracted
from case-patient medical records using standardized case re-
port forms (Supplementary Methods).

Data were collected and managed using Research Electronic
Data Capture (REDCap) tools hosted at the CDC [27, 28].
REDCap is a secure, web-based software platform designed
to support data capture for research studies.

Data Analyses

To calculate crude annual prevalence per 100 000 population, to-
tal numbers of PNTM and ENTM cases from the 6-month pilot
were multiplied by 2 and divided by US Census Bureau
bridged-race vintage post-census population estimates for 2019
[29]. Prevalence was calculated by EIP site, sex, race and ethnic-
ity, and age group for PNTM and ENTM. Crude annual inci-
dence per 100 000 population was determined using the same
approach but limiting numerators to incident cases. We summa-
rized case-patient data and determined whether clinical guide-
line diagnostic criteria were met and antibiotics administered
or prescribed within 30 days after the index specimen culture re-
sult date were aligned with current guidelines [26]. Data were an-
alyzed using SAS version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Prevalence and Incidence

Among 486 patients with NTM-positive specimens, 420 had pul-
monary and 68 had extrapulmonary specimens. Two patients
had both pulmonary and extrapulmonary NTM-positive speci-
mens. A total of 189 patients were excluded because they had
only 1 NTM-positive sputum, tracheal, or endotracheal speci-
men reported during the surveillance period and did not meet
the criteria for prevalent infection.

A total of 299 NTM cases in 297 patients were reported.
Among 231 PNTM cases, 141 (61.0%) were incident and 90
(39.0%) were prevalent. Among 68 ENTM cases, 55 (80.9%)
were incident and 13 (19.1%) were prevalent. The annualized
prevalence was 6.1 PNTM and 1.4 ENTM cases per 100 000
population, with an overall prevalence of 7.5 cases per 100
000 population. PNTM prevalence was highest in Minnesota
and among females, persons who were Asian, persons who
were not known to be Hispanic, and persons aged >65 years.
ENTM prevalence was also highest in Minnesota and in per-
sons aged >65 years but higher in males than in females and
in persons who were Black or not known to be Hispanic com-
pared with persons of other races and ethnicities (Figure 1).
The annualized incidence was 3.7 PNTM and 1.1 ENTM cases
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Figure 1. Pulmonary and extrapulmonary nontuberculous mycobacteria annualized prevalence per 100 000 population by site, sex at birth, race, and age group. NH*: Not
known to be Hispanic; records indicated either ethnicity was non-Hispanic or ethnicity was not known. Abbreviations: CO, Colorado; MN, Minnesota; NY, New York; OR,

Oregon.

per 100 000 population, with an overall incidence of 4.8 cases
per 100 000 population.

Pulmonary NTM Infections
Most of the 231 case-patients were female (145, 62.8%),
White and not known to be Hispanic (170, 73.6%), and had
chronic underlying lung disease (168, 72.7%; Table 1). Most pa-
tients’ index specimens were sputum (156, 67.5%) or from
bronchoalveolar lavage (67, 29.0%); 7 specimens were lung tis-
sue and 2 were bronchial washes (1 case had 2 index speci-
mens). Pulmonary or systemic symptoms in the 14 days
before the DISC were documented for 201 patients (87.0%).
Chest imaging with nodules or cavities in the 90 days before
or after the DISC was documented for 146 patients (63.2%;
Table 2). Overall, 76 cases (32.9%) met the clinical practice
guideline PNTM disease diagnostic criteria [26], and 127 cases
(55.0%) met modified criteria allowing for nodules or cavities
on a chest computed tomography (CT) scan or chest radio-
graph. Almost 80% of case-patients (181) had documented
clinician-diagnosed PNTM disease in their medical records
(Table 2, Supplementary Figure).

Most patients with available data (216 of 228, 94.7%) were re-
ferred to an infectious diseases specialist or pulmonologist

within 30 days of the DISC, and 41 of 224 patients with avail-
able data (18.3%) had an NTM-related hospitalization in the
year before or on the DISC (Table 2). Information on commu-
nity and healthcare exposures in the year before or on the DISC
was available in the medical record for 211 case-patients
(91.3%). Community exposures were documented for 60 of
211 (28.4%), including homelessness (10 case-patients, 4.7%),
followed by gardening or landscaping (9 case-patients, 4.3%).
Healthcare exposures were documented for 74 case-patients
(35.1%). Ninety of 211 case-patients (42.7%) had none of the
collected community or healthcare exposures documented
(Table 2).

Mpycobacterium avium complex (MAC) was isolated from
166 (71.9%) cases (Table 3). Of these, 79 case-patients
(47.6%) were prescribed or administered >1 antimicrobial
within 30 days of the index specimen culture result date.
Twenty-nine case-patients with MAC (17.5%) were prescribed
or received guideline-recommended [26] antibiotics: rifampin
or rifabutin, ethambutol, and azithromycin or clarithromycin
(25 cases); and rifampin or rifabutin, ethambutol, azithromycin
or clarithromycin, and amikacin or streptomycin (4 cases).
Among the remaining MAC case-patients, 78 (47.0%) did not

receive antimicrobials, and treatment data were unknown or

Nontuberculous Mycobacteria Surveillance « CID 2023:77 (15 August) « 631


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad214#supplementary-data

Table 1. Demographic Characteristics and Underlying Conditions of
Persons With  Extrapulmonary or Pulmonary Nontuberculous
Mycobacteria Infection

Extrapulmonary  Pulmonary
Characteristic N =68 N =231
Age, median (range), y 41 (1-90) 67 (16-93)
Female, n (%) 29 (42.6) 145 (62.8)
Race and ethnicity, n (%)
Hispanic, any race 5 (7.4) 7 (3.0)
Not known to be Hispanic®-White® 41 (60.3) 170 (73.6)
Not known to be Hispanic®-Black or 9(13.2) 19(8.2)
African American®
Not known to be Hispanic®~Asian 1(1.5) 19 (8.2)
Not known to be Hispanic®~other or 2(2.9) 7 (3.0
multiple races
Not known to be Hispanic®“-unknown 10 (14.7) 9 (3.9
race
Underlying conditions, n (%)
Cardiovascular disease 8(11.8) 31(13.4)
Chronic kidney disease 5(7.4) 11 (4.8)
Chronic lung disease 7 (10.3) 168 (72.7)
Bronchiectasis - 117 (50.6)
Chronic obstructive pulmonary disease - 49 (21.2)
Cystic fibrosis 0 21(9.1)
Emphysema - 9 (3.9
Connective tissue disease 6 (8.8) 11 (4.8)
Diabetes mellitus 9(13.2) 35 (15.2)
Gastrointestinal disease 5(7.4) 83 (35.9)
Gastroesophageal reflux disease - 79 (34.2)
Immunocompromising condition 13 (19.1) 10 (4.3)
Human immunodeficiency virus 9(13.2) 8 (3.5)
infection
AIDS/CD4 count <200 cells/mm? 6 (8.8) 2(0.9)
Primary immunodeficiency 2(2.9) 0
Transplant, hematopoietic stem cell 0 0
Transplant, solid organ 2 (2.9 2(0.9)
Liver disease 2(2.9) 20(8.7)
Malignancy 6 (8.8) 44 (19.0)
Hematologic 0 2(0.9)
Solid organ (nonmetastatic) 5(7.4) 33(14.3)
Solid organ (metastatic) 1(1.5) 10 (4.3)
Neurologic condition 4 (5.9) 23 (10.0)
Plegias or paralysis 1(1.5) 2(0.9)
Skin condition 5(7.4) 8 (3.5)
Other 7 (10.3) 32 (13.9)
Chest wall deformity (eg, pectus - 2(0.9)
excavatum)
Cough suppression disorder - 2 (0.9
History of tuberculosis - 20 (8.7)
Scoliosis - 4(1.7)
None 21 (30.9) 11 (4.8)
Unknown 2 (2.9 2 (0.9

—indicates variable not collected.
?Records indicated either ethnicity was non-Hispanic or ethnicity was not known.

®Includes 1 extrapulmonary nontuberculous mycobacteria (NTM) case-patient and 15
pulmonary NTM case-patients with unknown ethnicity.

“Includes 1 extrapulmonary NTM case-patient with unknown ethnicity.

90f case-patients with unknown race, 6 extrapulmonary and 4 pulmonary NTM
case-patients had unknown ethnicity.

unavailable for 9 (5.4%) case-patients. Treatment data for
PNTM cases due to other species are provided in the
Supplementary Material.

Extrapulmonary NTM Infections

Twenty-nine of 68 ENTM case-patients were female (42.6%),
and 41 (60.3%) were White, not known to be Hispanic
(Table 2). The most common underlying condition was human
immunodeficiency virus infection (9, 13.2%). Twenty-one case-
patients (30.9%) were not documented to have any of the col-
lected underlying conditions (Table 1). The most common
specimens from which NTM were isolated were lymph nodes
(13, 19.1%), blood (12, 17.6%), and skin (11, 16.2%; Table 4).
Among 65 case-patients with available data, common signs
or symptoms were pain at the infection site (26, 40.0%); redness
or swelling (23, 35.4%); and pus, drainage, or abscess (22,
33.8%; Table 2).

Information on community and healthcare exposures was
available for 65 case-patients (95.6%); data for 2 case-patients
who were part of a known outbreak were excluded. Of the re-
maining 63 case-patients, 21 (33.3%) had community expo-
sures, most commonly trauma (7, 11.1%), and 28 (44.4%)
had healthcare exposures, such as from medical devices, health-
care procedures, or residence in a nursing home (Table 2).
Twenty-six of 68 (38.2%) cases involved infection at the site
of a medical device or healthcare procedure, including infec-
tions at surgical sites (17), injection or infusion sites (8), dental
procedure sites (1), and a medical device site (1). One patient
had an ENTM infection at both a surgical and injection/infu-
sion site.

MAC was the most common species group (28 cases, 41.2%),
followed by Mycobacterium chelonae complex (13, 19.1%;
Table 3). Fifty-two of 64 case-patients with available data
(81.3%) had documented clinician-diagnosed NTM disease;
47 of 67 patients with available data (70.1%) were referred to
an infectious diseases specialist within 30 days of the DISC;
and 33 of 62 case-patients with available data (53.2%) had an
NTM-related hospitalization in the year before or on the
DISC. Most case-patients with available data were pre-
scribed >1 antimicrobial within 30 days of the index specimen
culture result date (43 of 63; 68.3%). Among 28 MAC
(21.4%)
ethambutol and 3 (10.7%) received a macrolide, ethambutol,

case-patients, 6 received a macrolide and

and rifampin.

DISCUSSION

In this multisite, active, laboratory- and population-based
NTM disease surveillance pilot conducted for 6 months in
2019-2020, we observed annualized prevalence and incidence
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Table 2. Clinical Characteristics and Community and Healthcare Table 2. Continued
Exposures of Persons With Extrapulmonary or Pulmonary
Nontuberculous Mycobacteria Infection

Extrapulmonary Pulmonary
Characteristic N =68 N =231
o Extrapulmonary Pulmonary Uil<remwin 0
Characteristic N =68 N =231 None _ 27 (11.7)
Days from index specimen collection to 30 (20.5-41) 47 (31-68) Unknown - 2(0.9)
ST, [ L Clinician-diagnosed NTM disease,° n 52 (76.5) 181 (78.4)
(interquartile range) (%)
Lo((z;t)lon ofindex specimen collection, n Diagnostic criteria for pulmonary NTM
’ disease [26], n (%)
L1z el SoiEl PR Both clinical and radiologic criteria - 76 (32.9)
Outpatient 33 (48.5) 154 (66.7) were met
Unknown 0 3(1.3) Clinical criterion only was met - 101 (43.7)
Signs and symptoms in the 14 d before Radiologic criterion only was met - 8(3.5)
the DISC,* n (%) Neither clinical nor radiologic criteria = 12 (5.2)
Any 62 (91.2) 201 (87.0)° ———
Chest pain - 31(13.4) Unknown or data not available - 34 (14.7)
Cough - 159 (68.8) Referral to specialist, n (%)° 59 (86.8) 219 (94.8)
Dyspnea - 63 (27.3) Infectious diseases specialist 47/59 (79.7) 144/219 (65.8)
Fatigue or malaise 14 (20.6) 50 (21.6) Pulmonary specialist 2/59 (3.4) 151/219 (68.9)
Fever 16 (23.5) 29 (12.6) Infectious diseases and pulmonary 0/59 79/219 (36.1)
Hemoptysis - 32 (13.9) specialists
Night sweats 3 (4.4) 17 (7.4) Surgeon 27/59 (45.8) 5/219 (2.3)
Pain at infection site 26 (38.2) - Other' 6/59 (10.2) 1/219(0.5)
Positive imaging 4 (5.9) - NTM-related hospitalization in the year 33 (48.5) 41 (17.7)
Pus, drainage, abscess 22 (32.4) - before or on the DISC,® n (%)
Redness or swelling 23 (33.8) _ Hospitalized on the DISC," n (%) 31 (45.6) 72 (31.2)
Weight loss 10 (14.7) 37 (16.0) Documented exposures in the year
Other 14 (20.6) 35 (15.2) before or on the DISC,' n (%)
None 2(2.9) 18(7.8) Community 21(31.8) 60 (26.0)
Unknown 3(4.4) 10 (4.3) XN 101.5) -
Chestimaging in the 90 d before or after Bird contact 105 2(0.9)
the DISC, n (%) Construction 0 4(1.7)
Chest CT only _ 115 (49.8) Fish tank 1(1.5) 1(0.4)
Bronchiectasis only 16/115 (13.9) Gardening or landscaping 1(1.5) 9.9
Nodules only 41115 (35.7) Homelessness 3(45) 10 (4.3)
Cavity or cavitation only 7/115 (6.1) Hot tub 1(1.5) 6(2.6)
Bronchiectasis plus nodules 31/115 (27.0) Humidifier use 0 2(0.9)
Nodules or cavities 87/115 (75.7) Incarceration 2(3.0 6(2.6)
None of the above 12/115 (10.4) Livestock 0 2(0.9)
Unknown 0 Nail salon 1(1.5) 0
Chest radiograph only - 40 (17.3) Neti pot 3(4.5) 0
Bronchiectasis only 6/40 (16.0) Nebulizer - 6(2.6)
Nodules only 7/40 (17.5) Swimming pool 0 4(1.7)
Cavity or cavitation only 5/40 (12.5) Tattoo 1(1.5) -
Bronchiectasis plus nodules 7/40 (17.5) Trauma 7(10.6) -
Nodules or cavities 20/40 (50.0) Other 8(12.1) 25(10.8)
None of the above 14/40 (35.0) Healthcare 28 (42.4) 74 (32.0)
Unknown 0 Bronchoscopy - 46 (19.9)
Chest CT and chest radiograph - 47 (20.3) Cystic fibrosis clinic - 14 (6.1)
Bronchiectasis only 3/47 (6.4) Dental procedure 2 (3.0 1(0.4)
Nodules only 14/47 (29.8) Injection or infusion 10 (15.2) 10 (4.3)
Cavity or cavitation only 2/47 (4.3) Medical device 1(1.5) 2(0.9)
Bronchiectasis plus nodules 15/47 (31.9) Nursing home residence 2(3.0) 7(3.0)
Nodules or cavities 39/47 (83.0) Surgical procedure 19 (28.8) 5(2.2)
None of the above 5/47 (10.6) Other 0 3(1.3)

rates of 7.5 cases and 4.8 cases per 100 000 population, respec- than ENTM rates, and prevalence of both PNTM and ENTM
tively. PNTM disease rates were approximately 4 times higher disease varied by location and demographic group.
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Table 2. Continued

Extrapulmonary Pulmonary
Characteristic N =68 N =231
None 21 (31.8) 90 (39.0)
Unknown 3 (4.5) 20 (8.7)

—indicates variable not collected.

#Date of index specimen collection.

®Includes patients with >1 specified pulmonary or systemic symptom: chest pain, cough,
dyspnea, fatigue or malaise, fever, hemoptysis, or night sweats.

°Defined as a diagnosis of NTM disease recorded in the medical record; unknown for 4
extrapulmonary and 3 pulmonary NTM cases.

%Two pulmonary NTM cases did not meet the imaging criterion, and clinical criterion data
were unknown; 1 pulmonary NTM case did not meet the clinical criterion and imaging
was not performed.

°Referral to specialist was unknown for 1 extrapulmonary and 3 pulmonary NTM cases.

fExamples of other specialists include dermatologist, neurologist, hematologist/oncologist,
otolaryngologist, hepatologist, chiropractor.

9Five extrapulmonary and 6 pulmonary NTM cases had unknown overall hospitalization
status in the year before the DISC, and 1 extrapulmonary and 1 pulmonary NTM case had
unknown NTM-related hospitalization status.

"Five extrapulmonary and 6 pulmonary NTM cases had unknown overall hospitalization
status in the year before the DISC, and 1 extrapulmonary and 1 pulmonary NTM case had
unknown admission and/or discharge dates.

'Among 66 extrapulmonary NTM cases not known to be associated with an outbreak (2
outbreak-associated extrapulmonary NTM cases were excluded). Multiple exposures
could be reported for a case.

Abbreviations: CT, computed tomography; DISC, date of index specimen collection; NTM,
nontuberculous mycobacteria.

Reports of US NTM epidemiology have used surveys of
public health laboratories, analyses of microbiology data in
electronic health record datasets, and assessments of data gath-
ered under various states’ past or current reportable condition
requirements [4, 14-23, 30]. Many of these studies are older,
used passive surveillance data, or lack detailed clinical informa-
tion [4, 14, 21, 23, 30]. Other studies have relied on administra-
tive data [19, 20], which have been shown to have limited
sensitivity for identifying NTM disease [19, 24, 31].

Despite these limitations, we observed that NTM preva-
lence and incidence rates in our pilot, using a reference stan-
dard surveillance approach, were similar to those reported in
older studies that used similar case definitions based on the
microbiologic component of clinical practice guideline diag-
nostic criteria published in 2007 [32]. For example, Henkle
and colleagues analyzed public health surveillance data from
Oregon and reported an annualized PNTM prevalence of
5.9 cases per 100 000 population in 2011-2012, PNTM inci-
dence of 5.6 cases per 100 000 population in 2012 [33], and
ENTM incidence of 1.3 cases per 100000 population in
2012 [14]. Another study using electronic health record data
from integrated healthcare delivery systems in 4 states in
2004-2006 reported an average annual, age-adjusted PNTM
disease prevalence of 5.5 cases per 100 000 population [22].
In contrast, rates observed in our surveillance were much low-
er than those found in an analysis of Kaiser Permanente
Hawaii electronic health record data, which yielded an overall
PNTM infection incidence rate of 36 cases per 100000
person-years from 2005 to 2019 [34], likely reflecting

Table 3. Nontuberculous Mycobacteria Species Identified From
Pulmonary and Extrapulmonary Index Specimens

Extrapulmonary  Pulmonary

Organism N =68 N =231
Mycobacterium avium complex, n (%) 28 (41.2) 166 (71.9)
M. avium 16 (23.5) 96 (41.6)
Mlycobacterium intracellulare subsp. 2(2.9) 2 (0.9
chimaera
M. intracellulare subsp. intracellulare 5(7.4) 43 (18.6)
Other 0 1(0.4)
Not otherwise specified 5(7.4) 24 (10.4)
Non-M. avium complex, n (%) 39 (57.4) 67 (29.0)
Mycobacterium abscessus complex 9(13.2) 20 (8.7)
Mycobacterium chelonae complex 13(19.1) 4(1.7)
Mycobacterium fortuitum group 8(11.8) 19(8.2)
Mlycobacterium kansasii 4 (5.9) 6 (2.6)
Other 5(7.4) 17 (7.4)
Not otherwise specified 0 1(0.4)
Not Mycobacterium tuberculosis, not 1(1.5) 0

characterized further, n (%)

Two pulmonary index specimens had >1 species reported: M. abscessus complex and M.
chelonae complex (1) and M. avium and M. abscessus complex (1).

geographic variability in the distribution and prevalence of
NTM species in the environment as well as the prevalence
of host risk factors for disease [20, 34]. NTM prevalence has
been reported to be higher in warmer climates, such as the
southeastern United States [20], which was not represented
in our pilot effort.

Unlike many prior studies, we were able to incorporate clin-
ical and radiologic data to determine the percentage of PNTM
cases who met current clinical practice guideline diagnostic cri-
teria published in 2020 [26]. These criteria are similar to those
published in 2007 [32], except that the clinical component can
be met with pulmonary or systemic symptoms. We found that
while 87% of case-patients had pulmonary or systemic symp-
toms and 78% of case-patients had a diagnosis of PNTM dis-
ease documented in their medical records, only 33% met the
full diagnostic criteria. This is lower than in a previous report
in which 86% of patients who met the microbiologic compo-
nent of the diagnostic criteria also met the 2007 version of
the full diagnostic criteria [35]. That only 33% met full diagnos-
tic criteria in our surveillance is largely due to the radiologic
component of the criteria that requires findings of both bron-
chiectasis and nodules for case-patients whose only chest imag-
ing was a CT scan. Since we only collected chest imaging
findings from the period defined by the 90 days before and after
the DISC, we may have underestimated the percentage of case-
patients who met the full diagnostic criteria. When we relaxed
the radiologic component to allow for a finding of nodules or
cavities on either a chest radiograph or CT scan, 55% of case-
patients met the full diagnostic criteria.

Some investigators have expressed concerns about potential
limited sensitivity of the PNTM diagnostic criteria in the
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Table 4. Index Specimen Types Positive for Nontuberculous

Mycobacteria for Extrapulmonary Cases

Total
(N=68)
Specimen Type n (%)
Lymph node 13 (19.1)
Blood 12 (17.6)
Skin 11(16.2)
Wound 9(13.2)
Soft tissue 4 (5.9)
Joint/synovial fluid 3(4.4)
Muscle 3(4.4)
Peritoneal fluid 2(2.9)
Pleural fluid 1(1.5)
Other® 11 (16.2)

Includes 8 sinus, 1 gastric lavage, 1 heart tissue, 1 vascular prosthesis specimen. One case
had 2 index specimen types.

clinical practice guidelines [36, 37]. Plotinsky and colleagues
found that 43% of patients diagnosed and treated for PNTM
disease by specialists did not meet the diagnostic criteria, large-
ly because they had only a single positive culture for NTM that
did not fulfill the microbiologic component (55% of those not
meeting full criteria) or because they did not meet the radiolog-
ic component (45% of those not meeting full criteria) [36]. The
authors proposed modified definitions that incorporated re-
laxed microbiologic and radiologic components and classified
cases as definite or probable [36]. More recently, other investi-
gators reported similar findings, with 34% of patients with >1
pulmonary NTM isolate meeting the full diagnostic criteria.
The investigators proposed broadening the radiologic compo-
nent to include findings such as infiltrates, opacities, and con-
solidation [37].

In addition to diagnostic criteria, the clinical practice guide-
lines provide treatment recommendations for PNTM disease
caused by the most common species [26]. Treating patients
with PNTM disease is generally recommended; however,
relatively low percentages of PNTM case-patients identified in
our surveillance pilot received recommended antibiotic treat-
ment in the 30 days after the result date of the index specimen
culture. For example, although most PNTM case-patients iden-
tified in this surveillance pilot had documented clinician-
diagnosed NTM disease, fewer than 1 in 5 patients with MAC
infections were documented to have been prescribed or received
recommended treatment within 30 days after the index speci-
men culture result date. It is important to note that clinical prac-
tice guidelines acknowledge that the isolation of NTM from
respiratory specimens may not always represent progressive clin-
ical disease and sometimes is the result of environmental con-
tamination [26]. Clinical judgment is paramount in deciding
whether and when to initiate treatment. The low proportion of
case-patients treated in this surveillance pilot may reflect overall

low illness severity. Alternatively, it may reflect the limited time
period during which treatment data were collected.

More than 40% of ENTM case-patients had healthcare expo-
sures documented during the year before or on the DISC. Of
these, 93% had NTM infection at the body site involved in
the healthcare exposure, such as the site of a medical device
or procedure. These data highlight the importance of preventing
healthcare-associated NTM infections. A review of CDC
consultations involving transmission of water-related organisms
in healthcare from 2014 to 2017 showed NTM were involved in
the greatest number of investigations: 40, representing 549 pa-
tients [9]. Additionally, NTM were associated with the largest
number of hospitalizations and deaths among waterborne infec-
tious diseases in the United States in 2014, estimated at 51 400
and 3800, respectively [13]. While NTM are widespread in the
environment, exposures in healthcare settings can be mitigated
by focusing on facility water system design and management
[10, 38, 39]. Continued surveillance will allow a better under-
standing of potential healthcare-associated NTM infections, en-
hance detection of exposures of concern, and inform focused
prevention strategies.

This pilot had limitations. First, surveillance was conducted
in a limited geographic area and therefore is not nationally rep-
resentative. Second, the duration of the pilot was 6 months.
Since NTM infection rates may not be constant throughout
the year, our crude annualized rates may be over- or underes-
timates. Third, we limited the identification of prevalent cases
to those with NTM-positive specimens collected no more
than 6 months before the DISC. This may have underestimated
prevalent infections and overestimated incident infections. The
case definition has been updated for ongoing surveillance, ini-
tiated in 2021, with prevalent cases defined by isolation of NTM
in the 12 months before the DISC. Fourth, it was challenging to
obtain complete medical records for case-patients who were re-
ceiving care from multiple providers. The quality and com-
pleteness of medical record documentation varied greatly,
particularly among outpatient providers. This may have affect-
ed our ability to determine whether PNTM cases met clinical
practice guideline diagnostic criteria and to describe disease
characteristics and treatment. With ongoing surveillance, rela-
tionships between state health department or academic partner
personnel and outpatient providers will continue to be
strengthened, which may improve medical record access.

In conclusion, data from this active, laboratory- and
population-based surveillance pilot provide a detailed descrip-
tion of NTM disease epidemiology in 4 geographically diverse
areas of the United States. The pilot experience was used to
modify methods for ongoing population-based surveillance,
which began in 2021. Data gathered through ongoing active
surveillance will be used to monitor incidence and prevalence
over time and to generate a detailed description of the
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demographic and clinical characteristics of persons affected by
NTM disease that can be used to inform prevention strategies.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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