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Introduction to non-tuberculous mycobacteria



INTRODUCTION TO NTM - OUTLINE ¢y

* Taxonomy

 Disease manifestation & risk factors
* Diagnosis of NTM

* NTM treatment and resistance

* Transmission

* Epidemiology

* Population structure of clinically relevant NTM
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Taxonomy



TAXONOMY - WHERE ARE WE? € i

Domain: Bacteria .
Genus Mycobacterium

Kingdom: Bacillati

Phylum: Actinomycetota NTM M. tuberculosis M. leprae

complex complex
Class: Actinomycetes M. abscessus M. tuberculosis M. leprae
M. avium M. bovis M. lepromatosis
M. gordonae M. canettii
M. ulcerans M. caprae
Family: Mycobacteriaceae M. marinum M. microti
Genus: Mycobacterium i
|
v
NTM disease Tuberculosis Leprosy

NTM: Non-tuberculous mycobacteria
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@ Research Center Borstel
TAXONOMY = DEBATE eC(SC Leibniz Lung Center

ELROPEAN CENTAE FOR
NG conTiGL

A https://www.ncbi.nlm.nih.gov/ Reconstituting the genus Mycobacterium

156

Q Sea rCh NCBI _“ » Author information » Article notes » Copyright and License information

PMCID: PMC8549266 PMID: 34554081

Abstract 202 1

The definition of a genus has wide-ranging implications both in terms of binomial species

|%== | Mycobacteroides

_ Clade
M. abscessus, M. chelonae, ...

Genome

Selected taxa

Mycolicibacterium names and also evolutionary relationships. In recent years, the definition of the genus

. . Mycobacteroides abscessus ¢ Mycobacterium  has been debated due to the proposed split of this genus into five new
M. fortuitum, M. gilvum, ... Mycobacterium proposed sp g

genera ( Mycolicibacterium 2 , Mycolicibacter® , Mycolicibacillus &1 , Mycobacteroides & and

siamoi-pidey

an emended Mycobacterium @ ). Since this group of species contains many important
obligate and opportunistic pathogens, it is important that any renaming of species does not

M. kumamotonense, M. terrae,... G enus cause confusion in clinical treatment as outlined by the nomen periculosum rule (56a) of the
Prokaryotic Code. In this study, we evaluated the proposed and original genus boundaries for

MyCOIICIbaCter >‘ MyCObaCter’um the mycobacteria, to determine if the split into five genera was warranted. By combining
—_— Mycolicibacillus multiple approaches for defining genus boundaries (16S rRNA gene similarity, amino acid

identity index, average nucleotide identity, alignment fraction and percentage of conserved

e M. koreense, M. triviale,... proteins) we show that the original genus Mycobacterium i is strongly supported over the

proposed five-way split. Thus, we propose that the original genus label be reapplied to all

species within this group, with the proposed five genera potentially used as sub-genus

§ complex names,
g NTM TB Leprosy
e i . M. abscessus M. tuberculosis M. leprae
e My cob _aCte_r um M. avium M. bovis M. lepromatosis
% M. xenopi, M. avium, M. M. chimaera M. canettii
tuberculosis, M. leprae, M. (M. ulcerans) M. caprae
simiae,... M. marinum M. microti
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TAXONOMY

Research Center Borstel
Leibniz Lung Center

 NTM = All mycobacteria except those causing
tuberculosis or leprosy

a. Growth rate
H SGM
RGM
B Intermediate
Unknown

* Synonyms: anonymous or atypical
mycobacteria; mycobacteria other than
tuberculosis (MOTT)

b. Plasmid count

* >200 species
* Slow growers (SGM) and rapid growers (RGM)

» Differences in pigmentation

subsp. chimaera

Diricks et al. 2025

Tree scale: 0.1

| I
- e
W " vy ’
4
,
M. abscessus N 2
2
S = \
< M. chelonae = B
o / st
| W
. fortuitum
-
= i
M. intracellulare % .
\ ..
‘-’\\Q 2
M. avium complex ,-_.\
-

M. simiae complex

A N
/"
M. kansasii ¢
M. mailmoense i
M. marinum t«
M. ulcerans \
| '.

N

M. avium®

SGM = slowly growing mycobacteria; RGM = rapidly growing mycobacteria
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RUNYON CLASSIFICATION bs ¢y

* Slowly growing mycobacteria (>7 days)

* Runyon I: Photochromogens: yellow-orange when
exposed to light

* Runyon Il: Scotocochromogens: yellow-orange

* Runyon lll: Nonchromogens

« Rapidly growing mycobacteria (<7 days)

; . RCB
M. abscessus

.......
Association
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TAXONOMY Leibniz Lung Center

. . Diricks et al. 2025
 NTM = All mycobacteria except those causing

Tree scale: 0.1

tuberculosis or leprosy L St e ==
-:?':::ned-ate 3 TRy 7
* Synonyms: anonymous or atypical o )
. - Pleomd count 4 M. abscessus N
mycobacteria; MOTT p Q
S \
H i M. chelonae = 0~
« >200 species ; ; -
-
+ Slow growers (SGM) and rapid growers (RGM) ot
- Differences in pigmentation o ==
. . == X
* Complex > species > subspecies > M. avium complex iy
subsp. chimaera M. simiae complex 1/

lineages/DCCs

\ e ﬁ ‘/
M. avium’ P /
M. kansasii

M. malmoense W, ‘4
. mannum
M. ulcerans \
| '.

SGM = slowly growing mycobacteria; RGM = rapidly growing mycobacteria

* Only few are clinically relevant

y e N
o 2 CANE \ \
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Disease manifestation & Risk factors
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DISEASE MANIFESTATIONS OF NTM IN HUMANS Lelbnizlung Conter

Signs of NTM nodules

Most common!

Pulmonary Cervical Lymphadenitis
& { M. avium M. scrofulaceum
< 1 M. intracellulare M. avium
M. chimaera M. malmoense
M. lentiflavum
M. kansasii M. bohemicum
M. abscessus

M. abscessus sensu stricto
M. massiliense

M. bolett. Bone and Joints
M. simiae MAC
5 . M. xenopi M. haemophilum
Nodular/bronchiectatic Y e
. . xenopi
“Lady Windermere syndrome” M. goodii
M. terrae complex M. abscessus

Cavity

\

Disseminated Infections

M. avium Skin & Soft Tissue
M. intracellutare M. ulcerans (Buruli ulcer)
M. haemophilum M. fortuitum
M. genavense M. marinum
M. haemophilum
M. abscessus
M. chelonae

M. ulcerans M. chelonae

= > \\ \\\
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HOST RISK FACTORS (& b

Male/female ratio dependents on species, region, disease,...

Pulmonary Cervical Lymphadenitis
& M. avium M. scrofulaceum
52_: M. intracellulare M. avium
S,

* Prior or pre-existing lung disease

M. chimaera M. malmoense —> Mostly in children

M. lentiflavum

+— M. kansasii M. bohemicum

M. abscessus -

M. abscessus sensu stricto
M. massiliense

M. bolett. Bone and Joints
M. simiae MAC
v M. );enopf s M. haemophilum .
* Postmenopausal women with low BMI - maimosnse %k;:rf:;;f — Via Trauma
(nodular) M. goodi
M. terrae complex
*  |Immunocom pro mised Disseminated Infections | \
M. avium Skin & Soft Tissue
<+— M. intracellul. P M. ul Buruli ul . .
et | M eerams Buru icen » Contact with contaminated
M. genavense Yomenon —>  water or infected fish

M. haemophilum
M. abscessus

M. chelonae e Traumas and surgical wounds

: ; e 7;-"\ ‘1- 7-\\ k\".
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OTHER RISK FACTORS FOR NTM PULMONARY DISEASE (NTM-PD) € Eiinseins

Areas in the United States* with a high risk for a NTM-PD infection

Hawaii

h

highest incidence of NTM-PD

Environmental risk factors Socioeconomic risk factors
» High evapotranspiration and percentages covered by surface water - Greater population density
 Greater precipitation  Higher education and income

* Lower elevation
* Higher temperatures
* Lowever levels of aluminium and manganese in soils

*US study chosen due to high number of unique cases: Nearly 2.3 million individuals from all 50 states and the District of Columbia were included, from which 16,508 NTM-LD claims representing 2,548 unique cases were identified. Data are representative
but not directly applicable to the European situation. NTM-LD, non-tuberculous mycobacterial lung disease. Adapted from Adjemian J, et al. Am J Respir Crit Care Med 2012; 186:553-8.
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Diagnosis of NTM disease



DIAGNOSIS OF NTM DISEASE

https://www.ecdc.europa.eu/sites/default/files/documents/ha
ndbook-tuberculosis-lab-diagnostics-2026.pdf
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Leibniz Lung Center

DIAGNOSIS OF NTM-PD (ATS CRITERIA)

NTM pulmonary isolation from clinical sample # NTM pulmonary disease (NTM-PD)!

>

Clinical criteria Radiological criteria Microbiological criteria

» Bronchopulmonary or * Nodular or cavitary structures on » At least 2 positive separate
systemic symptoms chest radiograph sputum cultures
(chronic cough, or or
fatigue, weight loss, « Multifocal bronchiectasis with « 1 positive culture from
fever,...) multiple small nodules on HRCT bronchoalveolar
and scan wash/lavage or lung biopsy
 Exclusion of other lung and with mycobacterial features
diseases (difficult!) « Exclusion of other causes

HRCT, high resolution computed tomography; NTM-LD, non-tuberculous mycobacterial lung disease.
ATS = American Thoracic Society
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DIAGNOSIS OF NTM DISEASE

Research Center Borstel
Leibniz Lung Center

E.g. Ziehl-Neelsen /

-

Smear
microscopy Sputum

| * 1

Decontamination radiography

Culture Molecular

n ~IT tanhniniias
U, Wil i,... LCwIyuco

LPA, MALDI-TOF MS,
Sequencing,...

&/

2y

o
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IGRA: Interferon-Gamma Release Assay

U: Lowenstein-Jensen

LPA: line probe assay

MGIT: mycobacterial growth indicator tube
BAL: bronchoalveolar lavage

= Immunological
techniques
] (IGRA)

(Urine, stool,
blood) "

iy ¥



DIAGNOSIS (MICROBIOLOGICAL) | @ Jroitithtiin

* Smear microscopy: acid-fast staining

Stain Carbol fuchsin Carbol fuchsin (higher conc.) Auramine O or Auramine/Rhodamine mix
Decolorizer Acid-alcohol Acid-alcohol Acid-alcohol
Counterstain Methylene blue Methylene blue Potassium permanganate
Microscopy Bright-field Bright-field Fluorescence
Heat Yes No No
Vi e
\ ) /
L]
Non Acid Fast
Acid Fast
Application of Application scation o ication o
C;'bolfuchs‘in ?f I::ato A:g; AltthIf N?Ef:yle:'re Blufe
(primary stain) (mordant) (decolorizer) (counter stain)
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Research Center Borstel

MOLECULAR IN-VITRO DIAGNOSTICS Leibniz Lung Center

Test principle of GenoType NTM-DR

: H-H-8-4-8-8-8-88-8808H808H
* Line probe assay L - L oo e e e T e e R He e
== y B TR Ho FHH
I‘\F,:/ e i (M g
b ﬁl/‘: | s= 1=

« E.g. Hain LifeScience

DNA extraction PCR etection Results

Species-

I
T
10
T
1
I
Il
I
]
2
<
N

T

* Genotype CM (common mycobacteria) - = b L FLELE FTER
specific S E e T e S ke A d kD
* Genotype CMdirect (on sputum samples)  probes VARV AV IR SRS NS A

* Genotype AS (additional species)
« Genotype NTM-DR (with drug resistance) No identification/misclassifications can occur!!

. . . . . : . N ‘ 1cc
. . 21
4
i 4 7 !
o 9
. L . . x . . : b . : g +1
. b ] - - 15
L < B Bt A ] ol S B Y B EY Bl s ¥
bt - e 1” - 9
B R T O e - I_l
" 5 5 . & 3 - & £ Y 3 $ P o
S F & ¥ & 3 § - ¢ 5 o
L ¥ 3 I A o ¥ & § ¥ - 4 sltative staining
vy 5 N s > . ¥ ¥ ¥ o ¥ q
& o >
3

1]
1]
]
1]
1]
1l
1111
11 ]
11 ]

L 1111 ]
| I 00
IT 1111
| 1111
1111
_TIT1]
1111
| - | 1]
| | -
| |
1
1
11
1 11
|
11
11

|
|
|

£ » & & & & & & a & F 4 - L3NNG ?
&Srryy & S ¢ ' b= :
K S £ & & X - & » > :
& &N ¥y N ¥ e ?
> \}v ¥ + c €

. ASVI |
s NTM-DR v1

- L . . Py P & ;'\\ J‘*\\\ V‘k\\\"
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CLINICAL RELEVANCE OF NTM | @ Jrerimptian

~1/3 of isolations from respiratory tract are clinically relevant

0% 25% 50% 75% 100%
Data from three reference centres in Belgium 2010-2017

percentage based on the number of cases meeting ATS/IDSA criteria for NTM-PD



NTM treatment and resistance
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NTM TREATMENT Leibniz Lung Center

« Combination therapy (= 3 active drugs): long, costly, serious side effects

« E.g. Macrolides, aminoglycosides, ethambutol, rifampicin, clofazimine
 Effective antibiotics depend on species = species-specific guidelines
« Duration/amount: >2 years depending on severity, patient tolerance, response

* Should be guided by in vitro pDST

(1 § wl|ld [
o o oo =
: ol o3 8] |23 |2z 8333
co| & o= == E|E el %
« Cure rates depend on species etk AR cj HEHEE
vo.of | 5|5\ 2| £|5|3| 58I 218| 8|2 52|25
S| E<|2|a|d| &2 |ST|0|2|E]|S
= M. abscessus : 30-50% : drugs
Mode of action* I
. A leprae 3
= M. avium complex: 50-70% o
IM. abscessus (macrolide susceptible) >3, 22
= M. malmoense and M. kansasii : 80-90% M. abscessus (macrolide resistant) | 24,22
MAC: nodular-bronchiectatic 3
MAC: cavitary >3
MAC: refractory >4
IM. kansasii 3
M. xenopi 23
M. simiae. >3
IM. simiae: cavitary or severe disease 23

pDST = phenotypic drug susceptibility testing

nnnnnnn
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ANTIBIOTIC RESISTANCE et Hng Genter

* Intrinsic resistance wompn s IV, aDSCESSUS

o®

Biofilm formation —— :

o \ | /. Peptidoglycan
Inactivation by b 3 u
hydroly: Arr_Mab @ ! g My;omembrane
s 'b (Modification Arr_Mab MabTetX g
a, £l 5 P

Cell wall impermeability and efflux pumps ) N S g i O\ ioen
Rgt_Mab Altered target \‘ / = \| Cegradation

binding - - Rgt_Mab Tetracycline ¢ ® & Doxycycline

Mab [ Rap \

Enzymes that modify antibiotics (e.g. bla_Mab, arr_Mab,...)

i Ribosome
Macrolides AACIZ) L ! Tobramycin Streptomycin
h d : f Erm(41) “\ Reducedbinding  Dibekacine £XamYenB_ ol )

Enzymes that modify targets (e.g. erm(41)) I et Gmamene O\ [
._methylation = ¢ I # @ Capreomycin \ “' Alte'_ed e et
- @ Eis2 L L bindne

i i Ribosome \_ Amikacin
® A q d t = Hygromycin B
C u I re res I S a n Ce Kana’nycln B Ribosome

Macrolides: rrl (23S rRNA) mutations
Amikacin: rrs (16S rRNA) mutation

Fluoroquinolones: gyrA/B

: L —> Differs between NTM species and even subspecies!
Rifampicin: rpoB
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HOW TO DETECT ANTIBIOTIC RESISTANCE? | 2 Jritis

1. In vitro drug susceptibility testing (pDST) Linezolid (LZD)
(e.g. Sensititre plates RAPMYCOI, SLOMYCOI) 1mg/L 2mg/L 4mg/L 8mg/L

g0 CO
Antibiotic concentration (mg/L) L A Jk JL _
. . .

RAPMYCO | _‘_ l ‘ -

1 2 3 4 5 6 7 8 9 10 11 12 . .
— o 0 L - LR 6 Growth Growth Growth Growth Minimal No Growth
|
’ SRl th =MiC!
s e grow = :
B s L [-8F | -1 R |-R
FEP1 |FEPZ g:? FEPS |FEP16 |FEP 32 o . . . L.
c |0 + | | €| + | Minimum inhibitory concentration (MIC) = lowest concentration of antibiotic
£ y
o [ [0 |5 (e Sl vl el il B that inhibits visible growth
B e S ol il e B ol M 8 Antibiotic will probably not cure patients
AMI 1 AMI 2 AMI 4 AMI AMI 16 | AMI 32 AIIM AXO4 |AXOB |AXO16 | AXD 32 |AXOG4
E|-s_( |-S& |5+ ﬁ_) -8 -1 R + | |+ | {+ A
DOX DOX DOX 0,5 | DOX 1 DOX2 |DOX4 |DOX8 |[DOX16 |MIN1 MIN 2 MIN 4 MIN 8 H
I A K i e e * |+ 6B Higher chance on goodAtreatment outcomes
TGC TGC TGC TGC TGC TGC 0,5 [TGC 1 TGC2 TGC4 |TOB1 TOB 2 TOB4
G 0,01‘5*_ 0.0;{_ DDE_t_, 0,12 0,25
CLA[clA [CLA [CLAOS[CLAT |GLAZ |GLA% |GIA® ,;.slilg’A“ TOB8 |TOB 16 sz_ Antimicrobial MIC, llg/ML
cll.:_‘(_ :TLR:}__CMS Pi’:_ Agent S 1 R
G s ! Amikacin (IV) <16 32 > 64

Antibiotic and species-specific clinical breakpoints
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HOW TO DETECT ANTIBIOTIC RESISTANCE? | 2 Jritis

1. In vitro drug susceptibility testing (pDST)
(e.g. Sensititre plates RAPMYCOI, SLOMYCOI)

2. Molecular tests
(e.g. LPA: Line probe assays NTM-DR)

2. Molecular tests
(e.g. whole genome sequencing)

Resistance
genes and
mutations
Erm(41)
' rrl
res
L | ] . o
§ & 0 & $5 Ry T ——— Bioinformatic pipelines
\‘"'s* § @‘é& 5(}0 Vé".é‘& ‘éif °~_oa" — facultative staining
& 5 ¥ o5 A SF = s —> search for known
¥ ’ i resistance-associated
Only for M. avium complex, the M. abscessus complex, and M. chelonae mutations

nnnnnnn
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RESISTANCE CATALOGUES FOR MYCOBACTERIA | @ Trrsiottis
Ao\

. P 2] ) o o
Catalogue of mutations in cle|ele o0
JEI ‘3 |2l & | 2 c
A . . ] > Q - — )
complex and their association g s sl | € | o ‘
i i S S H 3 2 2 g g (g0} -
with drug resistance > Elz|2|2 | a © \ ri
- = = (©) : e S =
Second edition 2 2 ; 2 : ) §
RIF[rpoB_p.Serd50Leu 226 |30643[10859| 6002 | 64.4% | 993% || R et it )
RIF  [rpoB_p.Asp435val 17 |30515| 1154 |15656| 69% [909% | R (’ § asting and Its
TB RIF_|moB p His445Asp 10 _130522| 608 |16202| 36% [1000% ) R BRI S
[RF_[RviT23c_c.46C>G 79 [23658] 14 [11488] 0.1% | . S I geloiLlypisw

Or not associated with resistance

\ \ Associated with resistance 4—, https://www.ntmnet.org/mystic-ntm

{ %ﬁ‘s World Health

¥ Organization

* Build resistance catalogues for NTM

* Using isolates for which we both have pDST and sequencing data

* > 17 institutions across 13 countries expressed interest

« Data sharing (preparations) have already begun for a few of them

pDST WGS
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MACROLIDE RESISTANCE (M. ABSCESSUS) Leibniz Lung Center

Erm methylates 23S rRNA (rrl) = target of macrolides = inducible resistance 3days 7 days 14 days

28 6465 159 432 522bp J— @ Translation
erm(41) —  a
l ' ' _|—> No translation Macrolides (e.g. clarithromycin)
T28C = p.Trp10Arg Incubate for 14 days!
: T28
Full length erm(41) with 728 Bl B — Inducible macrolide resistance (iR) l

(most subsp. abscessus/bolletii)

" N
)

~
B)( ) ce8men MIC > 8 after day 3-5 =

‘.

. C28
Full length erm(41) with C28 BT —> Susceptible to macrolides (S) constitutive resistance
(some subsp. abscessus) Q@@ cc 3me/L (rrl mutations)
Truncated erm(41) T28 MIC > 8 only after 14 days =
( ) . inducible resistance (erm)
(most subsp. massiliense)

Mut. in 2269-2271, 2293 or 2281 l
T/C28 . . . .
BN DS —>  Constitutive macrolide resistance (R) W treat t out

—~ orse treatment outcomes

c28 23S rRNA (rrl) e.g. 8 mg/L
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MACROLIDE RESISTANCE €y

* Chromosomal erm genes found in
« Slow growing mycobacteria
* Erm(37): M. tuberculosis complex
* Rapidly growing mycobacteria
* Erm(41): M. abscessus
* Erm(38): M. smegmatis and other M. smegmatis complex species (e.g. M. goodii)

e Erm(39):in M. fortuitum and other M. fortuitum complex species (e.g. M. boenickei, M. houstonense, M.
neworleansense and M. porcinum)

* Erm(40): in M. mageritense and other M. neoaurum complex species (e.g. M. wolinskyi)
* Plasmid associated erm gene found in RGM
« Erm(55): in M. chelonae

* M. bacteremicum, M. grossiae, M. iranicum, M. neoaurum and M. obuense
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PREVAI_ENCE OF NTM Leibniz Lung Center

Estimated range of NTM-PD cases in the EU5 (2014) .
6000 - Difficult to assess!

5000

4000 NTM is not a notifiable disease in
3000 . . Europe (and many other countries).

Exception: Australia
2000

Estimated number of
patients with NTM-PD

1000

Awareness of NTM varies between
| countries

0 | | I I
France Germany Italy Spain UK

Difficult diagnosis

Annual prevalence of NTM-PD is 3—6 per 100,000 inhabitants in N gttt £ e

EU5 countries (2014) > Below threshold for orphan disease

Likely underestimated!

NTM-PD, non-tuberculous mycobacterial pulmonary disease.

= ) ) > (! 1‘ N E N\
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GLOBAL TRENDS OF INFECTIONS WITH NTM | Leibniz Lung Center

* Most studies report increasing trends of pulmonary
NTM isolation (82%) and disease (67%)

* Depends on species and country

3.5

Denmark
3_
25 Colonisation
g2
=]
o
o
- o
5_2
2 5
©
; N:
21.5 £
[}
©
: ||||| i 1l ||
a 1 I -Il I -
0.5
O_QN‘L%vﬁbﬂ%QQ\‘L%v@@ﬂ
L O " O O O " O OV Q& AV AT AV N7 XN X7 XY X
FTEFFFLTCT S S S S S S S

H P-NTM [ E-NTM
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WHY ARE THE RATES OF INFECTIONS RISING? [ & it

Improved quality of diagnostic methods
e.g. microbiological detection techniques

Ageing population with an increase in the prevalence of
COPD? and other co-morbidities

Increased disease awareness

Decreased rates of Tuberculosis (infection with TB can
result in cross-protection against NTM)

Climate change?
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GLOBAL TRENDS - SPECIES DISTRIBUTION

America/Canada
MAC (62%)
M. xenopi (23%)

EnropelEngland
M. avium-intracellilare
(43%)
M. malmoense (14%)
M. kansasii (13%)

EuropelItaly
M. avium (43%)
M. Intraceilulare (14%)
M. gordonae (12%)

Asia/China
M. kanzasif (41%)
M. Intracellulare (29%)
M. chelonae/abscessus
{4.5%)

Research Center Borstel
Leibniz Lung Center

The United Kingdom Belgium

2

The Nethlands Poland

MAC
malmoense

France

v

v

Asia/South Korea
MAC (53%)
M. alscessus-massiliense = : m‘:’:ﬂx
{13%} Switzerland . ke
M. fortuitiom (6%) . W 4 tortuitom
Sfortuttiom | ”/ MAC ~ W ¥ kansasi
America/ USA “ M. kansasii B B
MAC (41%) J . B v sinice
M. gordonae (19%) Asta/Indin M. xenopi B ¢ vt
M. alscessus (31%) B e senopi
M. abscessus (4.5%) M. fortuitum (22%) _ . abscessu — P
M. intracellulare (149%) ' -
M, chelonae (9%) Forige) A i

Middle East/GCC Australia/Queensland
AfricalZambia M. fortuitm (29%) MAC (72%)

M. lentiflavam (34%) MAC (25%) M. kansasii (8%) —— e

MAC (15%) M. abscessus (17%)
{15%) q, V//‘
\4

kansasii MAC MAC
MAC kansasii kansasii

fortuitum xenopi, other

é'ﬂ . N N
j 32 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de) ‘h ) ‘. ] )

bz
ssociation

=



Research Center Borstel

TRANSMISSION OF NTM e

BT inhalation, ingestion and introduction

Lakes into wounds Mab in CF community
Oceans
Rivers
Hot tubs

Swimming pools

Showers Patient 1
Potable water
Dust
Soil
Tattoo ink
Medical devices

ST

Patient 2
(Patient-to-patient transmission)

e.g. M. chelonae

F
CJ

-/

e.g. national outbreak of post-surgical Mab wound infections in Brasil

: ; e 7;-"\ ‘1- 7-\\ k\".
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PREVALENCE OF MYCOBACTERIA IN THE ENVIRONMENT e Celbmizun e Center

 NTM are frequently found in household water systems

Prevalence varies widely by setting and country

NTM positivity rate typically between 15-50%; can be up to 95%

» Differs between regions and can depend on isolation protocol

» Also potentially pathogenic species

« Partial overlap between environmental and clinical isolates (35-
50%) = environmental exposure at home might be an important
transmission route

Frequency

ﬁ.? ; T N N
j 34 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de) ‘h ) ‘. ] a J

nnnnnnnn



NTM IN ANIMAL

Research Center Borstel
Leibniz Lung Center

Cows Camel milk Amphibians Pigs Fish
(Gomez-Buendia 2024) (Asaava 2020) (Komine 2023) (Gcebe 2023) (Yazdanmanesh 2024)

M. avium (131) M. fortuitum (3)

M. nonchromogenicum (85) M. szulgai (20)

M. marinum

M. chelonae

M. bourgelatii (11) M. monacense (5) M. fortuitum
M. intracellulare (7) M. lehmanni (4) M. xenopi
M. kansasii (7) M. litorale (4) M. liflandii

M. smegmatis (5) M. elephantis (3)

M. xenopi (4) M. duvalii (3)

M. montefiorense
M. abscessus (3)

M. brasiliensis (1)

M. avium subsp. paratuberculosis!

) 35 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)

M. avium (122)
M. lentiflavum (1)
M. novocastrense (4)

M. intracellulare (2)

M. marinum (6)
M. fortuitum (3)
M. chelonae (3)

M. parascrofulaceum (1)

M. montefiorense

M. abscessus

Fish tank granuoma
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Leibniz Lung Center

ZOONOTIC TRANSMISSION VIA (IN)DIRECT CONTACT

it Leprosy Buruli ulcer
(H::‘i;n;ﬁ ggsﬁ: dM[\}]—Egca)md (M.leprae and M.lepromatosis) (M.ulcerans)
Possums in Australia

Many TB animal reservoirs, most Armadillos are established
importantly cattle and, to some animal reservoirs for leprosy, are possible animal )
squirrels, other rodents and reservoirs
M. marinum and M. abscessus: in

chimpanzees are potential

extent, wildlife and other

domesticated species
“ further animal reservoirs
(@] - M
4
£; .5.9! fishes and humans
5 ; g .- = ’ Direct and indirect
3/ |3 \ 2 ) zoonotic transmission . . .
gEN 2 Established (e.g via vectors) * Fish tank granuloma/Swimming pool
é,u: X tran%?gigslfon ] zoonotic pathways possible
G | @ . o transmission, ;
£! | mainly through = potentially AT —— g ranu |O ma
2. |.£€ consumption of = multiple h
' v&  dairy or meat 3 meskanisms ZDprmtle:
= transmission 7
= from. other \_/
’ Transmission 3 animal
reservoirs
hitherto Possible

between cattle
sapronotic

and wildlife
Potential sapronotic transmission
transmission via via lentic
contaminated water environments
and soil sources
\ i \/

¥

No evidence of TB
sapro(zoo)nosis

Spiliopoulos 2024
DI
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Leibniz Lung Center

TRANSMISSION OF NTM VIA FOOD

* Mycobacteria can contaminate various food sources: e.g. unpasteurized milk or dairy
products (e.g. MAP), vegetables, seafood

* In pubmed: no reports of mycobacteria connected to foodborne illness

 Transmission via food underestimated?

* Challenge in detection: slow growth and special media required

nnnnnnn
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M. ABSCESSUS Leibniz Lung Center

1. cgSNP (Ruis2021)

* Rapidly growing NTM 1=
3 subspecies s
* abscessus 2 typically macrolide iR i
* massiliense = typically macrolide S o o
* bolletii = typically macrolide iR 2ot
7 dominant circulating clones (DCCs) =l
* Most prevalent §
* Found gobally o
* More virulent S o
* Higher resistance rates B e

B soletii

. abscessus

 Worse clinical outcomes
e Lower mutation rate

7N o B

. = VA o \ \

% 39 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de) ‘h ) ‘ ] ‘% |
Association



‘ ’ Research Center Borstel
M, CHELONAE Leibniz Lung Center

* Subspecies (e.g. gwanakae) not supported by e
WGS data B o

* Dominant circulating clones W s

% 40 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)
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M, AV/UM COMPLEX Leibniz Lung Center

12 species B =

* M. intracellulare (Tortoli 2019) §” = ——

— subsp. intracellulare oot in s
(containing former M. intracellulare and M. ~breesir scamsa
paraintracellulare) E::?“ ow

H [ wwnoan
— subsp. chimaera =
(containing former M. chimaera and M. yongonense) =:f::z::: e

[ M v subap. rominissais

hd M. aVium B+ vom subsp. viemsivesicun

B M 2o sudap. peratboruions

4: Plasmid presence

— subsp. hominisuis I o

[ Custer 1 @U-1_pi1) (MAC and § ofrer secies)

(No official standing in nomenclature) ot o m——

B Guser 7 (2U-2_pi3) (aviumintracetutare)
. . . 0] Gusser 13 ZU-1_pt3) (nracatiutors)
— subsp. avium/silvaticum e i
B Custer 18 (aviming

— subsp. paratuberculosis T —

[ Cluster 22 (viumintraontivernignods)

[ ucror2ner 2
b Ot h e r [ Custer 25 (phAH1S) (avumiintacetiiareiparatinicum)

[ V-AP0aEa2T 1 (aviem)
W U-CPO15263 1 (2U-2_pi2) (iniracmiutere)

— M. colombiense, arosiense, vulneris, B ot o0 o o

[ Cuser 2 (i)

bouchedurhonense*, timonense?*, — Pl
D Quster 27 (Z2U-2_pl1 ) (ntracaliulorsnebvashenss’scrofuleceum)

marseillense, yongonense, [ ki iaieaid
lepraemurium*

- L . . Py P ’.-W’;'\\ J‘*\\\ \\\"
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M. AVIUM COMPLEX €y e

* Co-infections (33% of patients)

U0

0,

B e o

OB —LXOXD0ONIO~ N~ IO OXCI AU B O
L ]

TOU,

U0,

TUUD,

0,

-
VU= V=V VOt Dt Dt Dk Tk’

O Db = OO~ KOOI LOUNO0C S P PO RO~

P
P T
P
. e = o0 [
3 i
o ® o0 o | S
P ) | -
é [ ° [ ] (1] eeoe ee e ssee | |
—~ : . . - p——_ -
2] Q DPL.2 Qe
N N O PP £ (RN
"bQ '7,0 q’Q Oo(:}@*\ &f oe'bd{g; b
" @ A
Date of sampling o\\@@i“ LSS
@Q\‘{&
Species M. avium M. intracellulare subsp. chimaera s Mi llulare subsp. i llul

Present  n [y

Fig. 4 Timeline of serial isolates in 43 patients treated at Frankfurt University hospital (left panel) and associated clinical characteristics (right
panel). Clonal—same strain during the whole observation period, multiple strains—different strains of the same species or different species
within the MAC, different species—different species within the MAC. CF—cystic fibrosis, HIV—human immunodeficiency virus, n—no, y—yes

TN o .
. = VA o \ \
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M, AV/UM Leibniz Lung Center

* subsp. paratuberculosis 1S1245

o il l“l”ll I fy s
® i Reported subspeci ‘“‘ !j N,
Ruminants Hm \\\0 ) <%
e Enteritis (Johne's disease!) Mese !
* Chrohn’s disease in humans? e
B Africa
* Highly clonal o
W coope
* subsp. avium/silvaticum Sl
* Birds B e
. . . B EquineSwine
* Avian tuberculosis (systemic) o
* subsp. hominissuis e
[ zov0-2005
* Pigs/humans ~ Lo
W 2017-2021
* Lymfadenitis, pulmonary disease,... I
. .
* More diverse, many small regional as 5 et

[T] Paramberculasis lineages

well as global clusters
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M. KANSAS!I COMPLEX (& et

» 7 species (previous subtypes) 1: Spacies

. M. kansasii

Tree scale: 0.01 r———i

* () M. kansasii sensu stricto Bl M. persicum
(most pathogenic and frequently infecting = z ;T;Zf"mﬁ
humans) - Mj -

[ ] (”) M. persicum E] M. ostraviense

B M. attenuatum

* (Ill) M. pseudokansasii

2: Plasmid presence

1 ( IV) M. 0S tra V[ense I:l Cluster 1 (kansasii and 6 other species)

[ cCluster 24 (kansasiilkiyosenselabscessus)

* (V) M. innocens
* (VI) M. attenuatum

M. gastri

7 X . .
‘0 . - . CANETT W \
% 44 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de) ‘h ) ‘ ] ‘% |

nnnnnnnn



Research Center Borstel

M. ULCERANS COMPLEX Leibniz Lung Center

* 5 species

1: M. ulcerans lineage 3 subgroups

* M. ulcerans sensu stricto B S sl
Bl 532 (Mu-A2, Africa)
° M /iflan d” [ SL3.3 (Mu-A1, Africa)
2: Species
(ecovar of M. ulcerans; lineage 1) = M. uicerans
.o M. liffandii
* M. pseudoshottsii Ry
B M. shottsii
(ecovar of M. ulcerans, lineage 1) B . marinum
® M' Shottsii 3: Plasmid presence
[ Cluster 28 (pMUMOO1) (ul fliflandiilpseudoshottsii)
. - U-CP083743.1 (liflandiimarinum/(pseudo)shottsii)
¢ M' marinum Bl Ciuster 19 (pMM23) (marinumiabscessusigadium)

. Cluster 20 (pRAW) (marinum)

P M. marinum ® @ =
& ®
'

= 152404 -
* Gene loss
*pMUM

P! A -

L

A
e "~ is2606
L * Gene loss

M. ulcerans M. marinum
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CONCLUS'ON Leibniz Lung Center

: : Diricks et al. 2025
* NTM = All mycobacteria except those causing Iricks et a

tuberculosis or leprosy a. Growth rate =
W SGM y
. RGM L\ Y v 'I’
«  >200 species B iemedat 7
. b. Plasmid count s 5
* Slow growers (SGM) and rapid growers (RGM) s R o AR
$ 4 2
« Differences in pigmentation S~ o % —
o 4 -
«  Complex > species > subspecies > dominant W
circulating clones/lineages (regional or global) p—_—
* Environmental organisms M. intrecebulere % .
* Few clinically relevant: opportunistic pathogens . avium complex = Wi

[ N
* Pulmonary and extrapulmonary infections . a i

1/
\ e ﬁ ‘/
M. avium’ P /
M. kansasii

M. mailmoense M i ‘«
. mannum
M. ulcerans \
' — '.

SGM = slowly growing mycobacteria; RGM = rapidly growing mycobacteria

 Difficult to diagnose and treat

« Number of infections/isolations increasing globally

Y,

- 3 1 ‘\\ "\.\
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