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Beginnings in mycobacteria
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Why study NTM

Lung disease, U.S.A.

Most common of the “rare” lung diseases.
o > 180,000 infected

S 50-

S A NTM . :

R o Prevalence is increasing at > 8.2% annually.

3 40— _

§ « Healthy, taller, slender, older Caucasian women.

S 30- R » Typically, non-contagious.

d A - A . . I14 ” . .

S 504 . o Transmission “may” occur in people with

’g,_ cystic fibrosis (pwCF).

2107, . « Treatment is inadequate, lengthy (years), and

% ® a o TB expensive.

Ty rrr T T T + Host-pathogen interactions driving di h
R SR NN S Y ost-pathogen interactions driving disease have

N A7 AT AR A0 40T 40T A0 A0 DT O not been clearly defined.

Zheng, et al., QJM Inter J of Med, 2013
Ryu, et al., Tubcer Resp Dis, 2016

Aitken, et al., AJRCCM, 2012 Sood et al., Curr Opin Infect Dis, 2017
Bryant, et al., Lancet, 2013 Strollo et al., Ann Am Thor Soci, 2015
Adjemian, et al., AJRCCM, 2012



Honda Lab Research Program

(e.g., environmental water biofilms, soil, dust,

uTu “M”

(e.g., host genetics, lung
immunity, human behaviqg

Microbe

(i.e., intey- and intraspecies pathogenicity
differences and virulence mechanisms)

Honda, et al., Frontiers in Microbiology, 2018
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NTM and TB infections

cactivation

Life aﬂerJB IS assojciated with respiratory morbidity.

Time across the lifetime

Does the post TB lung predispose to NTM infection?



Little Is known about post TB lung disease

TB treatment can achieve microbial Our understanding of ... 7
cure, but over half of TB survivors Post-TB lung
have persistent pulmonary dysfunction Before Mth |
(Pasipanodya et al., 2007). infection Active TB Uliohiie: bosible

b consequences...
The lung post-TB rarely returns to bronchiectasis
“normal” and often shows |
bronchiectasis and other
consequential conditions (Meghji, et , . % inflammation
al., 2016). A |

i \ E’%scarring

Lack of evidence-based guidelines for Hfa"hy T8 dliseased In recovery, but |~
- : un un
managing post-TB lung disease. g g forever altered...

r infections
Created in Biorender

Meghiji, et al., 2016; Byrne et al., 2015; Dhar et al., 2019; Tunney et al., 2013; Kenna et al., 2017).

mucocilliary dysfunction

Lung immunology
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Care and information targeting patient .
needs after long term post-TB are
lacking.
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Lung after sterilizing TB treatment

Common
marmoset
llithrix jacc
ol

hus)

Treatment

4 WK PI 6 WK PI 2 WK 4 WK 6 WK

HRZE
Sterilizing regime
HRZE - 4-drug combination of
Isoniazid, rifampin,
pyrazinamide, and ethambutol

HS

Non-sterilizing regime
HS - 2-drug combination INH
and streptomycin

Via et al., 2015; Servick, 2018



Risk Factors for NTM Lung Disease

Meta-analyses of Identified Attributable Risk Factors:
Overview of Outcomes (2011-2021; 99 studies met criteria)

Identified Risk Factor No. of Baseline Population Combined OR 95% ClI 12 (%)
Studies (n)

Non-cystic fibrosis 4 General population; symptoms of 21.43 5.90-77.82 95

bronchiectasis TB

History of TB 7 General population; symptoms of 12.69 2.39-67.26 99
TB; rheumatoid arthritis; COPD

Interstitial lung disease 4 General population; rheumatoid 6.39 2.65-15.37 97
arthritis; COPD

COPD 9 General population; symptoms of 6.63 4.57-9.63 96
TB; rheumatoid arthritis

Loebinger et al., 2023



How common are NTM and TB-coinfections?

18% 11/61 Mali Maiga et al., 2012

11% 40 / 369; MAC (55%) Canada Damaraju et al., 2013

10% Meta-analyses; 95% CI 6.3-15.9 Iran Nasiri et al., 2015

3% 22 [ 837; MDR-TB; M. intracellulare  China Huang et al., 2022

2.8% 87 /3148 Talwan Lin et al., 2020

0.7% 31/4327 South India Thangavelu et al., 2021
0.2% 13/6123 Africa Chanda-Kapata et al., 2015

NTM and TB co-infection risk factors include advanced age and living in urban communities (Lin, et al., 2020).



Gradual increase Iin susceptibility to NTM after TB
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Respiratory relevant NTM species

U.S.

@ Other mycobacteria

Bl MAC, other
Bl Aerobic, actinomycetes
Bl M. kansasii

B M. fortuitum complex

E 30%, M. intracellulare

1 9%, M. chimaera

1 17%, M. abscessus B 27%, M. avium

Total=100% (n=1,271 isolates)

Acknowledgement: Dr. Reeti Khare; Director
NJH Mycobacterial Clinical Labs
Jan-Aug 2021

China

1 1%, M. terrae

1 0.4%, M. simiae

1 0.4%, M. parascrofulaceum
1 0.4%, M. neoaurum

1 1%, M. szulgai
1 4%, M. gordonae ~ ——
1 5%, M. avium

[ 9%, M. fortuitym
1 41%, M. intracellulare

[ 10%, M. kansasii

Total = 100%
(n=232 isolates)

1 28%, M. abscessus
Duan et al., 2016



Exposure niches for NTM

Natural surface water

o)
o

Hot tubs

Showerheads

Sink faucets

Soil
House dust Aerators
lce machines
N _ o Bronchoscopes
, Air Humidifiers

Galvanized or iron pipes

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

Guimaraes, et al, Am J Infect Con, 2016
Matrtin, et al, Am Rev Resp Dis 1987
Briancesco, et al, Microchem J, 2014

Drinking water distribution systems

Cigarette paper

PO |

4 fl Footbaths

Swimming pools

Falkinham, et al, J Clin Micro, 1995

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



Our model system

Geography to NTM infections in the U.S.

CA:

191 AZ:

NTM Cases/100,000 Persols79

0-50 LA FL:

51-100 17 165
B 101 - 150 .- 176
B 51200 - T
B HI: >

396

Hawai'i demonstrates the highest, national age-
adjusted mortality rates from NTM lung disease.

Adjemian, et al., 2012; Mirsaeidi, et al., 2014; Thomson, et al., 2007 N = NSF Ecology, Evolution and Infectious Disease (#1743587)
Honda, et al., 2016




NTM “ubiquity” is not that ubiquitious

Island distribution
766 total NTM+ samples

All state (2,831 samples) Hawai' Island Sample Type: NTM positive samples
Biofilm Soil Dust

N— NTM Pos Oah Entire State  458/1779 (26%) 251/728 (35%) 34/279 (12%)
O’ahu 1751642 (27%) 79/213 (37%) 14/110 (13%)

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

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

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

\ y,
Y

Similar to Falkinham 2011 US samples
28% (109/394)
(biofilm, soil, filters)

Unpublished
Falkinham, EID, 2011



Larger cities are NTM hot spots

Central
Waikiki
NTM Positivity Rate
[ ] 0.000993468 - 0.021856289 N

[ ] 0021856289 - 0.053647254
I 0053647254 - 0.096366363
I 0006366363 - 0.15299402
I 0 15299402 - 0. 253334254

2,831 samples

0 35 70
| 1 1 1 |

A

140 Kilometers
]

Kahului

Hawai'i Island




Environmental NTM species diversity

Total: 766 samples

Wil

BOOOONNNNCOONEOOCONNNNCONDODDD

82 known NTM species identified
39 “Novel” NTM were also identified

11.43% Mycobacterium-abscessus
11.13% Mycobacterium-chelonae
10.93% Mycobacterium-chimaera
10.83% Mycobacterium-porcinum
8.55% Novel/ un-speciated

3.68% Mycobacterium-gordonae
2.68% Mycobacterium-mucogenicum
2.39% Mycobacterium-avium

2.19% Mycobacterium-iranicum
1.89% Mycobacterium-gallinarum
1.69% Mycobacterium-paragordonae
1.59% Mycobacterium-peregrinum
1.49% Mycobacterium-neoaurum
1.49% Mycobacterium-phocaicum
1.39% Mycobacterium-flavescens
1.39% Mycobacterium-litorale
1.29% Mycobacterium-fortuitum
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% Mycobacterium-conceptionense
0.80% Mycobacterium-gilvum

0.80% Mycobacterium-wolinskyi
0.70% Mycobacterium-boenickei

il

OONONCONNNNNOOEEOCOOONENND

0.70% Mycobacterium-frederiksbergense I

0.70% Mycobacterium-intracellulare

=

0.70% Mycobacterium-monacense
0.70% Mycobacterium-moriokaense
0.70% Mycobacterium-immunogenum
0.60% Mycobacterium-grossiae

0.60% Mycobacterium-vanbaalenii
0.50% Mycobacterium-bacteremicum
0.40% Mycobacterium-arceuilense
0.40% Mycobacterium-aurum

0.40% Mycobacterium-fluoranthenivorans
0.40% Mycobacterium-marinum
0.40% Mycobacterium-paraffinicum
0.40% Mycobacterium-lentiflavum
0.40% Mycobacterium-chubuense
0.30% Mycobacterium-poriferae
0.30% Mycobacterium-canariasense
0.30% Mycobacterium-vaccae

0.30% Mycobacterium-genavense
0.30% Mycobacterium-marseillense
0.20% Mycobacterium-alvei

0.20% Mycobacterium-malmesburyense
0.20% Mycobacterium-gadium

0.20% Mycobacterium-franklinii
0.20% Mycobacterium-smegmatis
0.20% Mycobacterium-jacuzzii

0.20% Mycobacterium-yongonense
0.20% Mycobacterium-ratisbonense
0.20% Mycobacterium-senegalense
0.20% Mycobacterium-farcinogenes
0.20% Mycobacterium-rutilum

OENONOOCOROOCCNNONENOO0N N

0.20% Mycobacterium-parmense
0.20% Mycobacterium-llatzerense
0.20% Mycobacterium-goodii

0.20% Mycobacterium-barrassiae
0.10% Mycobacterium-agri

0.10% Mycobacterium-simiae

0.10% Mycobacterium-longobardum
0.10% Mycobacterium-mageritense
0.10% Mycobacterium-parascrofulaceum
0.10% Mycobacterium-psychrotolerans
0.10% Mycobacterium-scrofulaceum
0.10% Mycobacterium-indicus

0.10% Mycobacterium-murale

0.10% Mycobacterium-kansasii

0.10% Mycobacterium-chitae

0.10% Mycobacterium-asiaticum
0.10% Mycobacterium-tokaiense
0.10% Mycobacterium-arabiense
0.10% Mycobacterium-colombiense
0.10% Mycobacterium-insubricum
0.10% Mycobacterium-sediminis
0.10% Mycobacterium-arupense

0.10% Mycobacterium-setense

0.10% Mycobacterium-madagascariense
0.10% Mycobacterium-phlei



What’s in the environment, mirrors the host

Summary from Hawai'i

Ranking Top Top Respiratory: Natural areas Houses
Environmental: e
A: Total 37 Water Biofilms D: Total 61 Dust Samples
1 M. chimaera ‘
5 ‘ B 32.43% Respiratory NTM B 11.48% Respiratory NTM
M. chelonae B 67:57% Other NTM [ 3852% Other NTM
3 M. chimaera M. avium B: Total 22 Water Filters E: Total 151 Soil Samples
4 . . ‘
M. porcinum M. fortuitum B 13.64% Respiratory NTM ' B 14.57% Respiratory NTM
5 . [ 86.36% Other NTM [ 85.43% Other NTM
Npvel/un-speciated M. porcinum
6 _ C: Total 212 Soil Samples F: Total 120 Showerhead Biofilms
M. gordonae M. intracellulare
7 V. T ‘ B 28.3% Respiratory NTM 55.83% Respiratory NTM
M. yongonense B 71.7% Other NTM 44.17% Other NTM
8 M. avium Novel/un-speciated _ o
G: Total 114 Sink Biofilms
9 M. iranicum M. timonense
. 43.86% Respiratory NTM
10 M. gallinarum M. chelonae B 56.14% Other NTM




Hot spot niches for NTM In the home

Gender

Male

40-50
51-60
61-70
71-80
81-90

Asian

White
Other

Whole genome sequencing analyses

Kitchen faucet

Showerhead

Soil

Female

Race/Ethnicit

Native Hawaiian and
Pacific Islander

2
®

M. abscessus

5/5 (100%)

0/7 (0%)

N/A

18 (51.4%)
17 (48.6%)

21 (60.0%)
2 (5.7%)
4 (11.4%)
7 (20%)
1 (2.9%)

13 (37.1%)

2 (5.7%)
15 (42.9%)
5 (14.3%)

M. chimaera
0/7 (0%)

414 (100%)

0/2 (0%)

15 (53.6%)
13 (46.4%)

14 (50.0%)
1 (3.6%)
4 (14.3%)
7 (25%)
2 (7.1%)

4 (14.3%)
2 (7.1%)

12 (42.9%)
10 (35.7%)

Controls (1-25

0.59

0.89
0.58

0.08

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

ONEEND

Bl 30.00% M. chimaera

= 5.00% M. intracellulare
Bl 5.00% M. avium

Il 75.00% M. porcinum

Total: 40 isolates B 27.50% M. abscessus

Point source for M. abscessus in the home are kitchen faucets.
Point source for M. chimaera in the home are showerheads.



Photo credit: USGS

Other sources of exposure for NTM

Kilauea volcano, Hawai'i Island, 2018

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

Kilauea ash harbors AFB M. abscessus from Kilauea ash

@,gj%%\@j Kilauea ash

Viable NTM recovered from Kilauea ash

] M. chimaera

S M. avium
63% .

M. abscessus

Volcanic ash is a fomite for NTM
transmission and a possible source
of infection.

Total = 8 NTM recovered

from Kilauea ash

Dawrs, et al., 2023


https://www.usgs.gov/center-news/photo-and-video-chronology-k-lauea-may-29-2018

NTM, volcanic ash, and the inflammasome

Monocyte-derived macrophages ?Diqné!l 1: :ignal.Zi :
rimin ctivation
S - g a | A) SubAim 2.1 - CFU
|
I
MABS-KA ‘ !
KA = Kilauea ash ' D) SubAim 2.4 -
' [ Pyroptosis
[l |
i . Defective pyroptosis
TLR | v ' NTM proliferate with
v 7 © little cell death
B) SubAim 2.2 L |
_ . NFKB > T
Ec E —_— %% activation Inflammasome
oG = d lation by, KA
£E8 2 . ysregulation by,
EE O Alveolar @ ne ) sam» NLRP3 :
3 > I Iﬂ macrophages it @B ASC !
. T 9 29 (n=5 donors) Pro- 1 '
s . . Gg 8/ \\> NF-kB - r;) L C)|SubAim 2.3 : Effective pyroptosis
1 24 48 96 A Inflammasome | NTM death and infected
Hours post infection 5 N ctivation | cell death
Q@ Inflammasome :
g — 84 @ -ash il Pro-IL-1B ( _
= a Gasdermin D
HU_') -5) g 6 @ +ash .. @
s > 07 o
ﬁ © 6 ir-liquid i Pro-IL-18 — °
o C L4 Air-liquid interface Caspase-1 \
(&] o
o S > cultures [
g D 24 _ [
@ a (n=5 donors) . 0® o® | Y P
! > o o !
= 24 48 96 bh IL1B IL18 .‘ E) SubAim 2.5 -
Hours post infection RENDER AM / AEC-ALI/ AEO IL-1p @ Cytokines

IL-18



NTM and climate change

(Image credit: NOAA)

Honda et al, 2015; Kambali, et al., 2021

.

# of NTM cases

150+

1004

Total number of tropical storms

and hurricanes in north and

subtropical Atlantic

NTM and hurricanes

Hurricane Rita

Sept. 24, 2005

Hurricane lke
Sept. 13, 2008

Hurricane Katrina
August 29, 2005

|

Year

//
[

T

.

Number of new NTM diagnoses



Other environmental hazards — wildfires

Wildfire ash, Kansas The Lahaina Maui wildfire is earmarked both as the worst natural disaster
in Hawai’i history and the deadliest U.S. wildfire in over 100 years.

M. monacense
. gallinarum

https://www.sfchronicle.com/climate/article/maui-fire-before-after-photos-18290051.php.



https://www.sfchronicle.com/climate/article/maui-fire-before-after-photos-18290051.php

Conclusions
> 50% of TB survivors develop bronchiectasis after completing treatment (Martinez-
Garcia et al, 2023).

- Prevalence of post-TB bronchiectasis varies by country and data is scant for the
U.S.

Overall, the full spectrum of complications after TB resolution including immunology
and cellular functions are significantly understudied.

Untouched here are other TB sequelae (depression, greater disability, and economic
burden).

Bronchiectasis is a predisposing factor for NTM lung infections. NTM show a
myriad of environmental niches.

In vitro and in vivo studies are needed to understand how the post TB lung may
predispose to later infections e.g., NTM.



Acknowledgements

Honda Lab

Rachel N. Wilsey
Tiana N.M. Koch
Kristin T. Dean
Madelyn M. Terrell
Lianghao Ding, PhD
Adrian Hornby, PhD

Prior Lab Members
Stephanie Dawrs
Ravleen Virdi
Grant Norton
Charmie Vang
Jobel Matriz

UTHSCT
Julie Philley, MD
PJ McShane, MD
Richard Wallace, MD
Barbara Brown-Elliott

UTTyler

National Jewish Health

** Edward D. Chan, MD
** Michael Strong, PhD
** Nabeeh A. Hasan, PhD
** L. Elaine Epperson, PhD
** James Crooks, PhD
Cody M. Glickman
Melissa Lowe
Jo Hendrick
Brady Holst
Scott Alper, PhD
Rebecca Davidson, PhD
Fan Jia, PhD
Human Cell Core

North Carolina State University
Krishan Pacifici, PhD
Arielle Parsons, PhD

University of Idaho
Leda Kobziar, PhD

HEALTH SCIENCE

CENTER

NTM Hawai’i Consortium: ‘lolani School, The
Kamehameha Schools, Seabury Hall, Kailua High

School, Island School, University of Hawai'i at
Hilo, University of Hawai’i Maui College, Brigham

Diagnostic Labs Hawai’i
School, Waianae High School, Kapa'a High Volcano Science Center,
US Geological Survey

Young University Laie, Mike Burnett, David E. Damby, PhD

Homeschoolers, Department of Tropical Medicine
University of Hawai’i, Hawai'’i Division of Wildlife

Kaiser Permanente, Hawai’i
Stacey Honda, MD

Brigham Young University Vanessa Simiola

Dept. of Geological Sciences
Provo, UT
** Steve Nelson, PhD
Schuyler Robinson
Leeza Brown

Lahaina Wildfire Team
Chris Shuler, PhD, Julynn Li, Kellie Cole,
Pacific Whale Foundation, U of Hawai’i
Maui College, Renee Takeuchi, PhD
(USGS, CA), Community scientists, All

Hawai’i Volcano Observatory Hands Hawai'i Network

** Tamar Elias
Morgan Nasholds
Shauna Bladt
Gail Ferguson
Mike Pearson
Howard Hoshide
Tina Neal

Funding: Padosi Foundation, NSF Ecology,
Evolution and Infectious Disease (#1743587), NIH
R21AI171587, NSF RAPID for Lahaina, Maui
#2345008, UT Stars Award, UT Recruitment Funds.

New NTM Center of Excellence at UTHSCT



lat Stanley”

~ Waipuilani Park , Maui | - Haleakala , Maui

-‘ E— -




	Slide 1: Risks of prior trauma?  Tuberculosis Resolution and Environmental Nontuberculous Mycobacterial Infections Jennifer Honda, PhD, ATSF April 1, 2024
	Slide 2: Jennifer Honda, PhD, ATSF has the following disclosures to make:
	Slide 3
	Slide 4
	Slide 5
	Slide 6: Honda Lab Research Program
	Slide 7: NTM and TB infections
	Slide 8: Little is known about post TB lung disease
	Slide 9: Lung after sterilizing TB treatment 
	Slide 10: Risk Factors for NTM Lung Disease
	Slide 11: How common are NTM and TB-coinfections?
	Slide 12: Gradual increase in susceptibility to NTM after TB
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Environmental NTM species diversity
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: New NTM Center of Excellence at UTHSCT
	Slide 27

