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Learning Objectives
1). Understand some basic NTM microbiology. 

2). Become familiar with the environmental niches of NTM.

3). Recognize features that may promote NTM in the 
environment (e.g., other studies and Hawai’i). 

4). Identify possible methods to reduce environmental NTM 
exposures. 
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What Are Mycobacteria?

Staphylococcus E. coli 

Outer covering

Mycobacteria
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http://www.bacterio.net/mycobacterium.html

• > 190 different species 

• Thicker & more complex cell 
wall compared to other 
bacteria.

Acid-fast bacteria
1) Mycobacterium tuberculosis (TB)
2) Mycobacterium leprae (leprosy) 
3) NTM.

Rarely causes lung disease Causes true lung disease 

Mycobacterium gordonae
M. gilvum

M. smegmatis

Mycobacterium 
tuberculosis (TB)

Mycobacterium abscessus 
Mycobacterium avium complex (MAC)

• M. avium 
• M. intracellulare

• M. chimaera

Do All NTM Cause Lung Disease?

“Rapid-growing mycobacteria” 
(RGM)

NTM Are One Of Two “Flavors”

“Slow-growing mycobacteria” 
(SGM)

Visible growth is typically 
observed between

10-60 days.

Visible growth is typically 
observed between 

3-10 days.

Mycobacterium avium complex (MAC)
• M. avium 

• M. intracellulare 
• M. chimaera

• others

Mycobacterium abscessus (MABS)
• M. abscessus subsp. abscessus

• M. abscessus subsp. bolletii
• M. abscessus subsp. massilense
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Learning Objectives
1). Understand some basic NTM microbiology. 

2). Become familiar with the environmental niches of NTM.

3). Recognize features that may promote NTM in the 
environment (e.g., other studies and Hawai’i). 

4). Identify possible methods to reduce environmental NTM 
exposures. 

Where You Live May Matter

Hoefsloot, et al., ERS, 2013

MAC M. kansasii M. xenopi

M. malmoense M. abscessus M. fortuitum

Location: % NTM recovery: Species: Reference:

Mexico 16% (19/120) M. mucogenicum most common; 
M. avium, no M. abscessus

Perez, et al., BMC Res Notes, 2013 

Greece 22% (42/197) M. chelonae most common; 
no M. abscessus

Tsintzou, et al., Water, Air, Soil Poll, 
2000

USA 33% (46/139) 9 species, M. mucogenicum most common; 
no M. abscessus

Covert, et al., AEM 1999

Colombia 50% (9/18) M. mucogenicum most common; 
no M. abscessus

Dávalos, et al., Env Res & Public 
Health, 2021

Argentina 52% (64/124) M. gordonae most common Oriani, et al., Int J. Mycobacter, 2019

Australia 62% (236/384) M. gordonae most common;
M. abscessus identified 

Thomson, et al., BMC Microb, 2013

Paris, France 72% (104/144) M. gordonae and M. nonchromogenicum most common;
Potentially pathogenic, 16%; 

no M. abscessus.

Le Dantec, et al., AEM, 2002

NTM Identified From Drinking Water Systems Globally 
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Lande, et al., EID, 2019

In Pennsylvania, Genetically Similar M. avium Identified 
From Participant Lungs and Households 

Matched Study

% NTM recovery:
Recovery from non-participant 

households 81% (30/37)
Recovery from M. avium participant 

households 91% (19/21)
Of the M. avium participant 

households
52% (11/21) matched 

to environment.

NTM and Shower Biofilms

Feazel, et al., PNAS 2009
Falkinham, et al., 2008, 2011
Proctor, et al., Water Research, 2018
Showerhead Microbiome Project (Gebert et al, mBio, 2018)

Shower hose biofilm

Showerhead biofilm

Natural surface water

Soil

Hot tubs

Showerheads

Sink faucets

Drinking water distribution systems

House dust
Aerators

Air Humidifiers

Ice machines

Cigarette paper

Galvanized or iron pipes

Bronchoscopes
Swimming pools

Footbaths

Other Environmental Niches of NTM

Chan, Breslawsky, NTMiR, 2019
Honda, et al, PLOS Neg Trop, 2015
De Groote, et al, AEM, 2006

Falkinham, et al, J Clin Micro, 1995
Falkinham, et al, Sem Resp Crit Care Med, 2013
Falkinham, et al, J Water Health, 2007

Guimaraes, et al,  Am J Infect Con, 2016
Martin, et al, Am Rev Resp Dis 1987
Briancesco, et al, Microchem J, 2014
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Learning Objectives
1). Understand some basic NTM microbiology. 

2). Become familiar with the environmental niches of NTM.

3). Recognize features that may promote NTM in the 
environment (e.g., other studies and Hawai’i). 

4). Identify possible methods to reduce environmental NTM 
exposures. 

In Colorado, Molybdenum is Predictive for M. abscessus 

Lipner, et al., Int J Env Res Pulb Health, 2020
Lipner, et al., J Exp Science and Env Epi, 2021
https://pubs.usgs.gov/fs/2009/3106/pdf/fs2009-3106.pdf

Case-control study, individuals with CF

Lipner, et al., Annals ATS, 2021

MAC M. abscessus

As molybdenum increases, MAC infections increase by 45%.

In Oregon, Molybdenum is Predictive for MAC
As vanadium increases, M. abscessus infections increase by 41%. 
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Highest national prevalence - 396 cases/100,000 population among 
persons > 65 years-old (1997-2007).

Demonstrates the highest, national age-adjusted mortality rates from 
NTM lung disease.

HI: 
396 

CA: 
191 AZ: 

179 
LA: 
178 

FL: 
176 

MS: 
165 

Hawai’i is a U.S. Hot Spot for NTM Lung Disease

MAC

M. chimaera

9 other species

M. avium

M. intracellulare

Adjemian, et al., AJRCCM
Mirsaeidi, et al., Plos One, 2014
Gebert et al, mBio, 2018
van Ingen et al., Int J Syst Evol Micro, 2018
Adjemian, Honda, et al., EID, 2017

Total: 554 clinical isolates

40.25%  M. chimaera

18.77%  M. abscessus

10.11%  M. avium

7.22%  M. fortuitum

5.42%  M. porcinum

3.07%  Mycobacterium-intracellulare
2.53%  Mycobacterium-yongonense
2.17%  Novel/ un-speciated
1.99%  Mycobacterium-timonense
1.26%  Mycobacterium-chelonae
1.26%  Mycobacterium-kubicae
1.08%  Mycobacterium-simiae
0.72%  Mycobacterium-gordonae
0.72%  Mycobacterium-lentiflavum
0.54%  Mycobacterium-conceptionense

0.54%  Mycobacterium-senegalense
0.36%  Mycobacterium-marseillense
0.36%  Mycobacterium-paraintracellulare
0.36%  Mycobacterium-parascrofulaceum
0.18%  Mycobacterium-arosiense
0.18%  Mycobacterium-canariasense
0.18%  Mycobacterium-celatum
0.18%  Mycobacterium-elephantis
0.18%  Mycobacterium-phocaicum
0.18%  Mycobacterium-scrofulaceum
0.18%  Mycobacterium-shigaense
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MAC

Rapid-growing Slow-growing

Respiratory NTM at NJH

~80% of 
all isolates 

tested

6%

Unpublished

Respiratory NTM Isolate Diversity, Hawai’i

766 total NTM+ samples

All state (2,831 samples)

NTM Pos

NTM Neg 27%

73%

Total=100%

O’ahu

Maui

Kaua’i

Hawai’i Island

37%
23%

13%
27%

Island distribution

Sample Type: NTM positive samples

Biofilm Soil Dust

Entire State 458/1779 (26%) 251/728 (35%) 34/279 (12%)

O’ahu 175/642 (27%) 79/213 (37%) 14/110 (13%)

Hawai’i Island 108/362 (30%) 59/230 (27%) 5/53 (9%)

Maui 50/265 (19%) 38/76 (50%) 9/48 (19%)

Kaua’i 123/499 (25%) 75/209 (35%) 6/68 (9%)

Large Scale Environmental NTM Sampling, Hawai’i

Similar to Falkinham 2011 US samples
28% (109/394)

(biofilm, soil, filters)

Unpublished
Falkinham, EID, 2011
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O’ahu (999 samples)

NTM Pos

NTM Neg

28%

72%

Kaua’i (782 samples)

NTM Pos

NTM Neg 26%

74% Maui (389 samples)

NTM Pos

NTM Neg 13%

87%

Hawai’i Island (650 samples)

NTM Pos

NTM Neg 23%

77%

Unpublished

High View Look at Results
82 known NTM species were identified 

39 “Novel” NTM were also identified

Total = 766 isolates
M. abscessus (11.4%) 

M. chelonae (11.1%) 

M. chimaera (11.0%) 

M. porcinum (11.0%) 

Top 4 are respiratory relevant, 
44%

Of the positives, what NTM are represented?

Unpublished

Environmental NTM Distribution Per Island 
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Novel/ un-speciated

Mycobacterium-porcinum

Mycobacterium-intracellulare

Mycobacterium-fortuitum

Mycobacterium-avium

Mycobacterium-chimaera

Mycobacterium-chelonae

Mycobacterium-abscessus

n=284 n=206 n=97 n=177

Oah'u Kaua'i Hawai'i 
Island

Maui
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M. chimaera

Showerhead

Household sink

Public sink

Beach Showerhead

Stream interface

Oah'u Kaua'i Hawai'i 
Island

Maui
0
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Showerhead

Household sink

Public sink

Beach Showerhead

Stream interface

Unpublished
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NTM in Indoor vs Outdoor Hawai’i Environments

Photo credit: J. Honda
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O’ahu Kaua’i Hawai’i
Island

Maui

Mycobacterium-abscessus

Mycobacterium-avium

Mycobacterium-chelonae

Mycobacterium-chimaera

Mycobacterium-fortuitum

Mycobacterium-porcinum

Mycobacterium-intracellulare

Novel/ un-speciated

n=47 n=49n=81 n=93n=158 n=124 n=91 n=115

Adapted from:
Klepeis, et al, J Exp Analysis and Env Epi, 2010

Total time spent indoors, 86.9%

Outdoors, 7.6%

In a vehicle, 5.5%

Other indoor 
location, 11%

Bar-restaurant, 1.8%

Office-Factory, 5.4%In a residence, 
68.7%

Nation, n = 9,196 (2010)

75%

35%

50%

Unpublished

Photo credit: J. Honda

Are All Showerhead Biofilms Created Equal?
Indoor 

household
Beach

Beach Indoor
 household
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NTM culture (+)

NTM culture (-)

34%

13%

****
p< 0.0001

n = 378n = 87
Total number of 
showerheads 
tested: 

0 50 100

Indoor
household

Beach

Percent Recovered

Mycobacterium-abscessus

Mycobacterium-avium

Mycobacterium-chelonae

Mycobacterium-chimaera

Mycobacterium-fortuitum

Mycobacterium-porcinum

Novel/ un-speciated

Mycobacterium-intracellulare

n=11

n =12978%

Are there unique environmental factors influencing NTM in the Hawai’i environment? 

Unpublished

Soil Minerals That Contribute to Soil NTM in Hawai’i

More M. abscessus with hematite 

1 48 96
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No mineral

Iron mineral = Hematite

Clay mineal = Gibbsite

****

****

***

****

Less M. abscessus with gibbsite

1 Walsh, et al., AEM, 2019
Glickman and Virdi et al., AEM, 2020

Total: 251 soil samples

13.31%  M. abscessus

11.83%  Novel/ un-speciated

6.51%  Mycobacterium-porcinum

5.33%  Mycobacterium-gallinarum

4.14%  Mycobacterium-chelonae

n=3 independent experiments

U.S. soil is an unlikely source for pathogenic NTM. 
MAC more likely in wet, acidic soil.1
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Hawai’i soil features and NTM
Estimates are based on 733 samples collected from 461 geographic sites.

Arielle Parsons, PhD

Krishna Pacifici, PhD

NTM probability highest in:

• Expansive soils with a 
high water balance

• Rich in ferric oxide.

Parsons, et al., In preparation, 2021

9-29-2110-4-21

Kilauea Volcano, Hawai’i Island

https://www.usgs.gov/media/before-after/recent-changes-k-lauea-volcano-october-4-2021
Photo credit: https://www.usgs.gov/center-news/photo-and-video-chronology-k-lauea-may-29-2018

Do NTM inhabit volcanic environments?

Taxa ID BLAST ID

Mycobacterium abscessus 99.7%

Dawrs, et al., Under review, 2021

Site 41 Site 33

Kilauea steam vent
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Water biofilms Soil

Diversity of NTM in Kilauea water biofilm and soil

Total = 41 Isolates

19.5%  M. triplex
14.6%  M. chelonae
9.8%  M. abscessus
9.8%  M. avium
9.8%  Novel
7.8%  M. chimaera
7.3%  M. timonense
4.9%  M. genavense
2.4%  M. florentinum
2.4%  M. franklinii
2.4%  M. gordonae
2.4%  M. marseillense
2.4%  M. paraffinicum
2.4%  M. parascrofulaceum
2.4%  M. parmense

Total = 18 Isolates

38.9%  M. abscessus
22.2%  M. chelonae

11.1%  M. avium
11.1%  Novel

11.1%  M. chimaera

5.6%  M. iranicum

NTM at Kilauea

Total sites sampled: No. NTM positive sites: % NTM Positive:

44 26 59%
phosphate

Dawrs, et al., Under review, 2021

Kilauea’s Most Recent Explosive Eruption 
May 4, 2018 2Jan. 19, 2018 1

1  Photo credit: J. Honda
2  Photo credit: https://www.usgs.gov/center-news/photo-and-video-chronology-k-lauea-may-4-2018

Kilauea Volcanic Ash Harbors Viable NTM

David Damby, PhD

Ash SEM

rpoB Taxa ID BLAST ID
Mycobacterium 

avium 99.2%

Kilauea ash, May 2018

25% M. avium

63% M. abscessus

12% M. chimaera 

Total = 8 Isolates

< 32 μm 
“Fine” ash

< 5 μm
“Respirable” ash
can reach the 
alveoli

8 NTM-like colonies 
were isolated

Dawrs, et al., Under review, 2021
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NTM binding to Kilauea ash
M. abscessus + ash

M. chelonae + ash
7H9 7H9             ash           ash 

+ NTM NTM

NTM are viable in the presence of ash.

Viability Assay

Dawrs, et al., Under review, 2021

Kilauea ash as a possible fomite for NTM transmission

24
BDT

Site048.02
Site048.01

Patient43

Site057.01
Site009.01
Site009.02

Patient528
AUS803

M152

M94
Site019.01
Site019.02

Site006.01
Site006.02
Site006.03

Patient356

M93
Patient600
Patient640

Site039.01
ATCC19977T

Site042.01

Site017.02
Site017.01

Patient626

Patient430
Site054.02
Site054.01

Site050.01
Site001.02
Site001.01
Patient387
Patient417
Patient39

Site129.02
Site129.01
Fine Ash30
Respirable Ash30
Respirable Ash37

Patient266

Site067.01

Site011.02
Site011.01

Site137.01
Site039.02

0 10000 20000 30000

Source

Ash

Clinical

Environmental

Location/Island

Hawaii Island

Kauai

Maui

Oahu

Australia/Korea/
Malaysia/USA-TX

M. abscessus subsp. abscessus

M. abscessus subsp. bolletii

A.

SNPs

A B

Site039.01

ATCC19977T

Site042.01

Site017.02

Site017.01

Patient626

Patient430

Site054.01

Site054.02

Site050.01

Site001.02

Site001.01

Patient387

Patient417

Patient39

Site129.02

Site129.01

Fine Ash30

Respirable Ash30

Respirable Ash37

Patient266

Site067.01

Site011.01

Site011.02

Site137.01

Site039.02

0 10 20 30 40

Source

Ash

Environmental

Clinical

Location/Island

Hawaii Island

Kauai

Maui

Oahu

USA-TX

SNPs

Dawrs, et al., Under review, 2021

Household Case Study, O’ahu

MABS MABS

MABS

MCHEL
MSCROF

MCHIM

MAGRI

MPORC

MPORC

MPORC

MCHUB
MLITOR
MAURUM

MMUCO
NOVEL

MABS

MFORT

MCHUB

Showerhead

Bathroom 
sink

Kitchen sink

Soil 

Dec. 
2012

Oct 
2017

Nov. 
2017

Jan.
2018

May
2018

Aug. 
2018

Dec. 
2018

Jan. 
2019

Nov. 
2019

Feb. 
2020

Aug. 
2019

MABS
MCHEL

MCHEL

MCHIM

Fridge spout

Washing 
machine

Garden hose

Outdoor dust 
collector 

House Renovated

Unpublished
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NTM in Hawai’i – A Matched Study

Respiratory NTM in 40 NTM Pos. Participants
Matched Study

No. of ENV kits: 

NTM POS 35

NTM NEG 34

Total: 40 isolates

30.00%  M. chimaera

27.50%  M. abscessus

15.00%  M. porcinum

5.00%  M. avium

5.00%  M. intracellulare

5.00%  Mycobacterium-yongonense
2.50%  Mycobacterium-chelonae
2.50%  Mycobacterium-conceptionense
2.50%  Mycobacterium-elephantis
2.50%  Mycobacterium-fortuitum
2.50%  Mycobacterium-senegalense

Donor: Species IDed: Match to:
7 M. chimaera Kitchen sink & Soil

54 M. abscessus Kitchen sink
66 M. porcinum Kitchen sink
14 M. yongonense Kitchen sink

Unpublished
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Summary - Hawai’i Top Ten NTM
Ranking

1

2

3

4

5
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10

M. chelonae

Top Respiratory NTM: Top Environmental NTM:

M. chelonae

M. porcinum

M. porcinum

M. avium

M. avium

M. abscessus

M. abscessus

M. fortuitum

M. chimaera

M. chimaera

M. intracellulare

M. yongonense

Novel/un-speciated

M. timonense

M. gordonae

Novel/un-speciated

M. mucogenicum

M. iranicum

M. gallinarumLower virulence

Higher virulence

Testing new hypothesis – ongoing work

Biorepository:
No. of ENV 

Isolates:

M. chimaera 154

M. abscessus 182
M, chelonae 153

M. porcinum 183

M. avium 27

M. intracellulare 11

M. fortuitum 20
Other NTM 

isolates 733

Total: 1,463

Honda, et al., AJRCMB, 2019
Unpublished Macrophages ALI, lung organoids Mice Amoebae

Site039.01

ATCC19977T

Site042.01

Site017.02
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Site129.02
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Fine Ash30

Respirable Ash30

Respirable Ash37

Patient266

Site067.01
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Site011.02

Site137.01

Site039.02
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Oahu

USA-TX

SNPs

Virulence assessments
Apply whole genome sequencing information
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Learning Objectives
1). Understand some basic NTM microbiology. 

2). Become familiar with the environmental niches of NTM.

3). Recognize features that may promote NTM in the 
environment (e.g., other studies and Hawai’i). 

4). Identify possible methods to reduce environmental NTM 
exposures. 

Reduce Aerosol Generating Events

Honda, et al, Chest, 2015
Image: https://www.usgs.gov/special-topic/fire
Image: https://volcanoes.usgs.gov/volcanic_ash/ash_gas.html
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Hurricane Katrina 
August 29, 2005

Hurricane Rita 
Sept. 24, 2005

Hurricane Ike 
Sept. 13, 2008

1 Millar, et al., Pediatric Pulmonology, 2020
2 Falkinham, WhiteJ, 2013

Steam Disinfection of Toothbrushes Reduces NTM

M. abscessus subsp. abscessus (n=2)
M. abscessus subsp. bolletii (n=2)
M. abscessus subsp. massiliense (n=2)

None of the 80 isolates examined survived at 
91℃ for 4 min. 1

** Boiling water for 10-15min reduces NTM. 2
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Norton, et al, Frontiers In Public Health, 2020

UV Disinfection Systems Reduce NTM in Drinking Water

Ice 
machines

Commercial 
bag ice

Drinking 
surface 
water

Drinking 
ground 
water

31%+

36%+

No NTM

100%

Holtzman, et al, J Food Protect 1997
Covert, et al, AEM, 1999
Totaro, et al, J Water Health, 2018
https://www.bottledwater.org/public/CCL4%20Microbes%20of%20Interest%20in%20Drinking%20Water_0.pdf0
Honda Lab, unpublished.

Expand Drinking Water Awareness

Bottled Water (Honda Lab, 2021):

20 different brands, 
U.S. 

Bottled 
water

0%+

No NTM detected.

Established Methods to Reduce Exposures

Falkinham, et al, Ann Am Thor Soc, 2013
Chan, Breslawsky, NTMiR, 2019

Avoid bubbling water (i.e., hot 
tubs, nail foot baths, humidifiers)

Replace or clean showerheads regularly
Avoid fine mist showerheads

Use fans or open 
windows in shower area

Flush water heater frequently 
Increase hot water heater temperature

Avoid using tap water for nasal irrigations

Avoid smoking

Avoid aerosol generating activities
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