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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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bacteria.

> 190 different species

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

What Are Mycobacteria?

Thicker & more complex cell
wall compared to other

Outer covering

Cell wall thickness/complexity

3) NTM.

Mycobacteria
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Do All NTM Cause Lung Disease?

-
.

7

Mycobacterium abscessus

A

Mycobacterium
tuberculosis (T8)

gordonae ly ium avium
M. gitvum - M. avium
M. smegmatis M. intracellulare
\ « M. chimaera
PR 2 s 7 10

Rarely causes lung disease

Causes true lung disease
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NTM Are One Of Two

“Rapid-growing mycobacteria”

RGM)

Visible growth is typically
observed between
3-10 days.

Mycobacterium abscessus (MABS)

* M. abscessus subsp. abscessus
* M. abscessus subsp. bolletii
* M. abscessus subsp. massilense

“Flavors”

“Slow-growing mycobacteria”

SGM

Visible growth is typically
observed between
10-60 days.

Mycobacterium avium complex (MAC)

* M. avium
M. intracellulare
* M. chimaera
« others
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Learning Objectives

N

2). Become familiar with the environmental n

N
=

. Identify possible methods to reduce envir
exposures.

. Understand some basic NTM microbiology.

iches of NTM.

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

onmental NTM
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Where You Live May Matter

Sy

Hoalsloot et al, ERS, 2013
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NTM Identified From Drinking Water Systems Globally

oy | peies |

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

Greece 22% (421197) M. chelonae most common;
no M. abscessus
usA 33% (461139) 9 species, M. mucogenicum most common;
10 M. abscessus
Colombia 50% (918) M. mucogenicum most common;
10 M. abscessus
Argentina 52% (641124 M. gordonae most common
Australia 62% (2361384) M. gordonae most common;
M. abscessus dentifed
Paris, France | 72% (104/144) M. gordonae and M. nonchromogenicum most common;
Potentially pathogenic. 16%;
cessus.

Perez, et al,, BMC Res Notes, 2013
Tsintzou, et al., Water, Air, Soil Poll,
2000

Covert, et al,, AEM 1999

Davalos, et al, Env Res & Public
Health, 2021

Oriani, et al, Int J. Mycobacter, 2019

Thomson, et al, BMC Microb, 2013

Le Dantec, et al, AEM, 2002
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In Pennsylvania, Genetically Similar M. avium |dentified
From Participant Lungs and Households
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Matched Study

9% NTM recovery:

Recovery from non-participant

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

91% (19/21)
52% (11/21) matched
to

Of the M. avium participant
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NTM and Shower Biofilms

Showerhead biofiim - foruitum Gomplex
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Other Environmental Niches of NTM

Drinking water distribution systems

Hot tubs

Showerheads 4 j
Sink faucets
[
Soil Cigarette paper
‘. £
Natural surface water ~ House dust Aerators i ll Footbaths
Ice machines )
il Bronchoscopes Swimming pools

x . é/i}) Air Humidifiers

Galvanized or iron pipes
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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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In Colorado, Molybdenum is Predictive for M. abscessus
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In Oregon, Molybdenum is Predictive for MAC

As molybdenum increases, MAC infections increase by 45%. As vanadium increases, M. abscessus infections increase by 41%.

o M. abscessus
=
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Hawai’i is a U.S. Hot Spot for NTM Lung Disease

Pearson's =070, P<0001

Highest national prevalence - 396 cases/100,000 population among DISTLMR'=049: P 0004 .o
persons > 65 years-old (1997-2007) @ tasw
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Demonstrates the highest, national age-adjusted mortality rates from
NTM lung disease.

o TSy v i, 2018
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Respiratory NTM Isolate Diversity, Hawai'i

Total: 554 clinical isolates Respiratory NTM at NJH

Rapid-groving Sow-growing

3 5.42% M. porcinum B 40.25% M. chimacra e —t

B 7.22% M. fortuitum
B 10.11% M. avium

B 18.77% M. abscessus e

ITM species identified at NJH (%)

- o = o5
= 250 5 o3
2175 Novunpocaes = 035 e i
R 0 pecomommn e 035% abeconum paresanisooum : . ;
= i 5 D18% Mycobocrm wvsonss R R
eobacterium chelonae BN 0.18% Mycobacerium-canariasense IR R —80% of
I 1 25% Mycobacnum kuocas = D1 Mcoactru o B R
108X Mychackiar i R 016% Mycobockrum ephante o o
= orze = oioe *
@ 072% = 0.18%
= o5 - o
p—
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Large Scale Environmental NTM Sampling, Hawai'i

Island distribution
766 total NTM+ samples
Al state (2,831 samples) ~ Hawaii s

Sample Type: NTM positive samples

Biofilm Soil Dust
oo N Pos O Entire State  458/1779 (26%)  251/728 (35%) 341279 (12%)
Oahu 175/642 (27%) 791213 (37%) 141110 (13%)

Hawaii Island  108/362 (30%) 591230 (27%) 5/53 (9%)

aual Maui 50/265 (19%) 38/76 (50%) 9148 (19%)

M, Kaua'i 123/499 (25%) 75/209 (35%) 6/68 (9%)

Totaie100
Similar to Falkinham 2011 US samples
28% (109/394)
(biofilm, soil, filters)
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Kt oz sampies)
o e s Linue, Kaua'
2,831 samples

NTM
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O'ahu (999 samples)

Maui (389 samples)

Kahului s

Maui

Hawaii Island

Hawalltand (650 samples)

8.55% Novell un-speciated
3.68% Mycobacterium-gordonae

cture Series for Providers

268%
2.39% Mycobacterium-avium
2.19% Mycobacterium-iranicum
1.89% Mycobacterium-galinarum

169%
159% Mycobacterium-peregrinum
1.49% Mycobacterium-neoaurum
1.49% Mycobacterium-phocaicum
1.39% Mycobacterium-flavescens
139% Mycobacterium-itorale
1.29% Mycobacterium-fortutum
1.29% Mycobacterium-rhodesiae
1.19% Mycobacterium-timonense
0.99% Mycobacterium-septicum
0.89% Mycobacterium-florentinum
0.89% Mycobacterium-triplex
0.89% Mycobacterium-stomatepiae
0.80%

3

0%
Mycobactarium-aurum
%

0%
Mycobacterium-vaccae
%

Mycobacterium-agri
Mycobacterium-simiae

%
Mycobacterium-mageritense
%

%
Mycobacterium-kansasii
%

i %
Mycobacterium-tokaiense
M

Mycobacterium-alvei obacterium-arabiense

0.80% Mycobacterium-givum
0.80% Mycobacterium-wolinskyi
0.70% Mycobacterium-boenickei
070% i

Mycobacterium-gadium
%

%
Mycobacterium-insubricum
%

SEONDODNNO0A0R0000NNNNEND

0.70% Mycobacterium-intracellulare

Unpeblahe

%
Mycobacterium-setense
%

Unpeblahe

NTI
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Environmental NTM Distribution Per Island

M. chimaera

W Showerhead
E, B Howsenold ik
g W Public sink
3 [Spe—
= Novel un-speciated g W Steam interface
H = Mycobacterium-porcinum 2
£ Myeatactaum mrscairs
H = Mycobacteriom-fortuitum oaru Kauat aui
H = Mycobacterium-avium
H = Mycobacterium-chimaera g1 M. abscossus
Mycobacterium-chelonae g W Showerhad
= Mycobacterium-abscossus . ousenoid sk
3. - Puic ik
H [y e——
H W Sream interface

oty Keuri Hawarl  Maul
sland

NTM Lecture Series for Providers

Property of Presenter
Not for Reproduction or Distribution



Environmental Sources of NTM

Lecture Series for Providers

NTM in Indoor vs Outdoor Hawai’i Environments
bl 28

Totaltime spent indoors, 86.9%

. Outdoors, 7.6%

Inavehice, 5:5%
Other indoor
locaton, 11%

Percent Recovered

B g restaurant, 1.6%
/B Offce-Factory, 5.4%

O3 In aresidence,
687%

Naton,n=9,196 (2010) In Out I Out In Out In Out

Adaptos
Kipos, ot a1 Exp Ayl and Env i 2010 Oahu  Waual Hawall Mau

B Novel un-speciated = Mycobacterium-chimaera
= Mycobacterium-abscessus B Mycobacterum-ortuium
- Mycobacterium-avium . Wycobacterium porcinum

Prot crsat: 1. Honda

Unpoblared
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Are All Showerhead Biofilms Created Equal?

Indoor Beach
household
pe 00001
e
L —
s00{ B NTH cture ) - . o cbactimevi
- T ) yesssctm<heioa
= e

Nomber of samples

[y m—

Beach Indoor
household

o
showerheads =87 =78
s

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

Unpeblahe
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Soil Minerals That Contribute to Soil NTM in Hawai’i

U.S. soil is an unlikely source for pathogenic NTM.
MAC more likely in wet, acidic soil.!

=" B Nomineral

I fron mineral = Hemaite

I3 Giay mineal = Gibbsite

Total: 251 soil samples
Wl 13.31% M. abscessus

\ B 11.83% Novell un-speciated

B 651% Mycobacterium-porcinum

=3 independent experiments

Log,, M. abscessus CFUImL

B 5.33% Mycobacterium-galinarum
B8 4.14% Mycobacterium-chelonae

Glckman s Ve o1 1. AEM 2020
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Hawai’i soil features and NTM

from 461

NTM probability highest in:

+ Expansive soils with a
high water balance

* Rich in ferric oxide.

3
Estimated rlatonship with
probablty of NTM presence
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Kilauea Volcano, Hawai’i Island
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Do NTM inhabit volcanic environments?

Kilauea steam vent
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Diversity of NTM in Kilauea water biofilm and soil

NTM at Kilauea

Total sites sampled: No. NTM positive sites: % NTM Positive:
26

phosphate

Water biofilms Soil

Total = 18 Isolates Total = 41 Isolates
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Kilauea’s Most Recent Explosive Eruption

Jan. 19,2018 ' May 4, 2018 2

* Pt crost: ) nda

AN
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Kilauea Volcanic Ash Harbors Viable NTM

Ash SEM

T
S5 ) ;

BLASTID

Kilauea ash, May 2018

< B 12% M. chimaera - 25% b aviam

8 NTM:-like colonies

‘\
| } \ were isolated

£ * ”z B 53% M. abscessus
/——\ Total =8 Isolates
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NTM binding to Kilauea ash

Viability Assay

NTM are viable in the presence of ash.
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Kilauea ash as a possible fomite for NTM transmission

A

=
2e0dose
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Household Case Study, O’ahu

novated
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. oye
NTM in Hawai'i — A Matched Study
Matched Stud,
=250 1
- o i No. of ENV kits:
= 250 1 NTM POS 35
- 2507% ycobactorm-forutu
B 250% Mycobactorm-sencgainse _NTMNEG 34
W 30.00% M.chimaera  “Donor: Species IDed: Match to:
7 M. chimaera _Kitchen sink & Soil
54 M. abscessus Kitchen sink
1 5.00% M. inracallutare 66 M. porcinum Kitchen sink & &S
. 5.00% M. aviur 14 M. yongonense Kitchen sink & &
& B
= 15.00% M porcinum @ NTMPOS @ NTMNEG
Total 40 solates BB 27.50% M. abscessus
re—
N ure Series for Providers
oye
Summary - Hawai'i Top Ten NTM
Ranking Top Respir NTM: | Top Envir NTM:
1 M. chimaera M. abscessus
2 M. abscessus M. chelonae
Higher virulence 3 M. avium M. chimaera
4 M. fortuitum M. porcinum
5 M. porcinum Novel/un-speciated
6 M. intracellulare M. gordonae
v M. M.
8 Novel/un-speciated M. avium
° M. timonense M. iranicum
Lower virulence | 10 M. chelonae M. gallinarum
N ure Series for Providers
‘Apply whole genome sequencing nformation 25
f b Vindnce assessments
2 1
§g N
Biorepository: B LI T
No. of ENV : S5 50 RG] |
Isolates: i 2E-o 17
M. chimaera 154 ) =
M. abscessus 182 N
M, chelonae 153 Q;y‘ &
M. porcinum 183 o
M. avium 27
M. intracellulare 1"
M. fortuitum 20
Other NTM
isolates 733
Total: 1,463
Unniichsg ez Macrophages AL lung organoids Mice Amosbae
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Learning Objectives

. Understand some basic NTM microbiology.

N

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

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

w
~—

4). Identify possible methods to reduce environmental NTM
exposures.
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Reduce Aerosol Generating Events

Sy

Hurricane Rita
Sept. 24,2005

Hurricane lke
Sept. 13,2008

Hurricane Katrina
August 29, 2005

S PP OPI PP PO PRO DO
S LIS PSS PO D 0
e )

Year
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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°C for 4 min. !

** Boiling water for 10-15min reduces NTM. 2
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UV Disinfection Systems Reduce NTM in Drinking Water

Mountop SteriPEN

Days Post Inoculation Days Post Inoculation
3

o °
)
EH
¥
i H
% 3
ki £ IR
T— Days pos eculson
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Expand Drinking Water Awareness

Drinking Bottled Water (Honda Lab, 2021)
gound  — 31%+
== 20 iferentbrands, | Water | Typo of water (Source = US.A) Charactoristic Rosults:
A Tostod: 55 notod:
T otlod Water, Brand T Natural sping water Tone
Drinking 0%+ 2 ‘Botted Water, Brand 2 Purifed water None
suface | —> 36%+ 3 ‘Botted Water, Brand 3 Natural sping water None
o g Boted Water, Brand 4 Water from snow None
5 ‘Botted Water, Brand 5. Volcanic rock lered Water | Mycobacterium neoaurum
Bottled
Mycobacterium phocaicum
Commercial . _ o N water 0 Boied Waier, Brand 6 Volcani rock itred water None
bag i 7| Botlled Water, Brand (non-US A) | Volcanic rock itered water None
[} isiled water ommercial avaiable None
) Sink fauce 1 Wunicipal water, Colorado | Mycobacierum abscossus
K8 10 Sink faucet 2 Municipal water Colorado o
machines . No TN detected 1 Sink faucet 3 Municipal water Colorado None
— 100% 2 Waer fountain Municpal water Colorado None
13| Wall mounted water botle fiing | Municipal water, Colorado None
station
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Established Methods to Reduce Exposures

Avoid aerosol generating activities

o
X

or showerheads regularly

oid fine n owerheads

preferred NoT
recommended

sh water heater frequently
midifiers) e hot water heater temperature

Water
aerosols

Avoid using tap water for nasal irrigations
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Honda
** Stephanie Dawrs
Charmie Vang
Rachel Wilsey
Haley Hendrick

Prior Lab Members

Mahalo to:

“* Ravleen Virdi
** Grant Norton
Jobel Matriz

Anah Gilmore

** Michael Strong, PhD
** Nabeeh A Hasan, PhD
** L. Elaine Epperson, PhD
** James Crooks, Phi

** Edward D. Chan, MD

Brady Holst

Brigham Young University
Dept. of Geological Science:
Provo,
** Steve Nelson, PhD
Schuyler Robinson

Leeza Brown
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Volcano Science Center,

Menlo Park, CA
David E. Damby, PhD

Hawal'i Volcano

“Tina Neal
Kaiser Pormanento,
Hs

iawai
** Stacey Honda, MD
versity of Hawa

Vanessa Simiola

Landen Muasau
s Hawa’, Uiversity of
iomaschaolars, Citzen So
. Gepariment of Tropical Medicin Uriversiy of Hawai, Hawail Division of Wildfe North Carolina State

University

unding: NSF Ecology, Evolution and Infectious Disease (#743587), Pados: Foundatio, ** Krishan Pacifici, PhD
Natalie V. Zucker Foundation, NHLBI PRIDE AGOLD Avielle Parson, PhD

. Pl

Brian Reich, PhD

Property of Presenter

Not for Reproduction or Distribution



	No disclosures: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 
	7: 
	1_2: 
	2_2: 
	3_2: 
	4_2: 
	5_2: 
	6_2: 
	7_2: 
	1_3: 
	2_3: 
	3_3: 
	4_3: 
	5_3: 
	6_3: 
	7_3: 
	1_4: 
	2_4: 
	3_4: 
	4_4: 
	5_4: 
	6_4: 
	7_4: 
	1_5: 
	2_5: 
	3_5: 
	4_5: 
	5_5: 
	6_5: 
	7_5: 
	1_6: 
	2_6: 
	3_6: 
	4_6: 
	5_6: 
	6_6: 
	7_6: 
	Matched StudyRow1: 
	undefined: 
	undefined_2: 
	undefined_3: 
	undefined_4: 
	undefined_5: 
	undefined_6: 
	undefined_7: 
	undefined_8: 
	undefined_9: 
	undefined_10: 
	undefined_11: 
	undefined_12: 
	undefined_13: 
	undefined_14: 
	undefined_15: 
	undefined_16: 
	undefined_17: 
	undefined_18: 
	undefined_19: 
	undefined_20: 
	undefined_21: 
	1_7: 
	2_7: 
	3_7: 
	4_7: 
	5_7: 
	6_7: 
	7_7: 
	1_8: 
	2_8: 
	3_8: 
	4_8: 
	5_8: 
	6_8: 
	7_8: 
	1_9: 
	2_9: 
	3_9: 
	4_9: 
	5_9: 
	6_9: 
	7_9: 
	036  Mycobacteriummarseillense: 
	undefined_22: 
	undefined_23: 
	undefined_24: 
	undefined_25: 
	undefined_26: 
	Sample Type NTM positive samples: 
	undefined_27: 
	undefined_28: 
	undefined_29: 
	undefined_30: 
	undefined_31: 
	undefined_32: 
	undefined_33: 
	undefined_34: 
	undefined_35: 
	undefined_36: 
	undefined_37: 
	undefined_38: 
	undefined_39: 
	undefined_40: 
	undefined_41: 
	undefined_42: 
	undefined_43: 
	undefined_44: 
	undefined_45: 
	undefined_46: 
	undefined_47: 
	Oahu: 
	Kauai: 
	Oahu_2: 
	Kauai_2: 
	Hawaii: 
	undefined_48: 
	undefined_49: 
	undefined_50: 
	undefined_51: 
	undefined_52: 
	undefined_53: 
	undefined_54: 
	undefined_55: 
	undefined_56: 
	undefined_57: 
	undefined_58: 
	undefined_59: 
	undefined_60: 
	undefined_61: 
	undefined_62: 
	undefined_63: 
	undefined_64: 
	undefined_65: 
	undefined_66: 
	undefined_67: 
	undefined_68: 
	In a residence: 
	1_10: 
	48: 
	96: 
	undefined_69: 
	undefined_70: 
	undefined_71: 
	undefined_72: 
	undefined_73: 
	undefined_74: 
	undefined_75: 
	undefined_76: 
	undefined_77: 
	undefined_78: 
	undefined_79: 
	undefined_80: 
	undefined_81: 
	undefined_82: 
	undefined_83: 
	undefined_84: 
	undefined_85: 
	undefined_86: 
	undefined_87: 
	undefined_88: 
	undefined_89: 
	Taxa ID: 
	BLAST ID: 
	1_11: 
	2_10: 
	3_10: 
	4_10: 
	5_10: 
	6_10: 
	7_10: 
	1_12: 
	2_11: 
	3_11: 
	4_11: 
	5_11: 
	6_11: 
	7_11: 
	1_13: 
	2_12: 
	3_12: 
	4_12: 
	5_12: 
	6_12: 
	7_12: 
	98 Nove: 
	111 Novel: 
	56 M iran: 
	49 M genavense: 
	rpoB Taxa ID: 
	BLAST ID_2: 
	undefined_90: 
	undefined_91: 
	undefined_92: 
	undefined_93: 
	undefined_94: 
	undefined_95: 
	undefined_96: 
	undefined_97: 
	undefined_98: 
	undefined_99: 
	undefined_100: 
	undefined_101: 
	undefined_102: 
	undefined_103: 
	undefined_104: 
	undefined_105: 
	undefined_106: 
	undefined_107: 
	undefined_108: 
	undefined_109: 
	undefined_110: 
	Matched Study: 
	Donor: 
	Species IDed: 
	Match to: 
	RankingRow1: 
	RankingRow2: 
	RankingRow3: 
	RankingRow4: 
	RankingRow5: 
	RankingRow6: 
	RankingRow7: 
	RankingRow8: 
	RankingRow9: 
	10: 
	BiorepositoryRow1: 
	undefined_111: 
	undefined_112: 
	undefined_113: 
	undefined_114: 
	undefined_115: 
	undefined_116: 
	undefined_117: 
	undefined_118: 
	undefined_119: 
	undefined_120: 
	undefined_121: 
	undefined_122: 
	undefined_123: 
	undefined_124: 
	undefined_125: 
	undefined_126: 
	undefined_127: 
	undefined_128: 
	undefined_129: 
	undefined_130: 
	undefined_131: 
	undefined_132: 
	undefined_133: 
	undefined_134: 
	1_14: 
	2_13: 
	3_13: 
	4_13: 
	5_13: 
	6_13: 
	7_13: 
	1_15: 
	2_14: 
	3_14: 
	4_14: 
	5_14: 
	6_14: 
	7_14: 
	1_16: 
	2_15: 
	3_15: 
	4_15: 
	5_15: 
	6_15: 
	7_15: 
	undefined_135: 
	undefined_136: 
	undefined_137: 
	undefined_138: 
	undefined_139: 
	undefined_140: 
	undefined_141: 
	undefined_142: 
	undefined_143: 
	undefined_144: 
	undefined_145: 
	undefined_146: 
	undefined_147: 
	undefined_148: 
	undefined_149: 
	undefined_150: 
	undefined_151: 
	undefined_152: 
	undefined_153: 
	undefined_154: 
	undefined_155: 
	undefined_156: 
	undefined_157: 
	undefined_158: 
	undefined_159: 
	undefined_160: 
	undefined_161: 
	undefined_162: 


