
Genomic analysis of non-tuberculous mycobacteria 
(Tutorial) - Discussion
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EXERCISE

• Analyse a skin infection outbreak of M. abscessus 
• Task: analyse WGS data from NTM isolated from patient and 

environmental samples  identify source of the outbreak 

• Tutorial and WGS data can be found in the ECDC portal

• Tutorial = Step-by-step instructions for analysis of WGS data using 
GUI-based tools

• Pathogenwatch

• pubMLST

• NTM-Profiler

• Ridom Typer

WGS = whole genome sequencing data

ECDC learning platform
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M. ABSCESSUS

• Rapidly growing NTM

• Pulmonary and extra-pulmonary infections

• Notoriously difficult to treat

• 3 subspecies

• massiliense

• abscessus

• bolletii

• 7 Dominant circulating clones
• Most often found in patients (and the 

environment)

• More virulent

• Worse clinical outcomes

• Lower mutation rate

Diricks et al 2022
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CASE STUDY

*Wu 2017

Patient 1
Sample H

Patient 2
Sample I

Patient 3
Sample J

Patient 4
Sample K

*

• Within 6 weeks: 4 patients presented 
with skin infections around tattoo

• Biopsies: + for mycobacteria
• M. abscessus subsp. abscessus

(MLST, 16S/hsp65)
• Same tattoo studio
• Public Health Laboratory in Quebec 

suspected outbreak
• Samples sent to National 

Microbiology Laboratory
• WGS: close genetic similarity  

(3-11 SNPs)  outbreak

♂♀ ♀ ♀

* * *
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CASE STUDY (WUZINSKI ET AL. 2020)

*Chia-Hua Wu 2017

Negative Isolate M

Sample O Sample L (SGM)
Sample N (RGM)

Hypothetical environmental investigation in tattoo shop 
and patient environment

Patient 1
Sample H

Patient 2
Sample I

Patient 3
Sample J

Patient 4
Sample K

♂♀ ♀ ♀

What is the source of the outbreak?

* * * *

Ink tattoo shop Tap water tattoo shop

Aquarium patient 1 Shower patient 1

30°C
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TASKS

• Goal: identify the source of the skin infection outbreak

• Task 1: Determine which NTM (sub)species were isolated from the environmental samples (L-O)

• Task 2: Determine the 7-loci MLST Sequence Type (ST) of the M. abscessus isolates

• Task 3: Determine the genetic distance (expressed as allele differences) between outbreak isolates

• Task 4: Determine whether the M. abscessus isolates belong to known dominant circulating clones (DCCs) 

• Task 5: Determine the genetic resistance profiles of the isolates

 Complete all results in Task_Exercise2026_NTM.xlsx

Task 6: Formulate a 
hypothesis regarding the 
transmission route
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TASKS - NTMPROFILER

• Goal: identify the source of the skin infection outbreak

• Task 1: Determine which NTM (sub)species were isolated from the environmental samples (L-O)

• Task 2: Determine the 7-loci MLST Sequence Type (ST) of the M. abscessus isolates

• Task 3: Determine the genetic distance (expressed as allele differences) between outbreak isolates

• Task 4: Determine whether the M. abscessus isolates belong to known dominant circulating clones (DCCs) 

• Task 5: Determine the genetic resistance profiles of the isolates

 Complete all results in Task_Exercise2026_NTM.xlsx

Task 6: Formulate a 
hypothesis regarding the 
transmission route
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NTM-PROFILER

• Web-based: https://bioinformatics.lshtm.ac.uk/ntm-profiler/

Jody Phelan
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NTM-PROFILER
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NTM-PROFILER

• Resistance

Sample H, I, J, K and M

M. abscessus subsp. 
abscessus
 Typically have a full 

length erm(41) gene
 Inducible resistant 

against macrolides
 But p.Trp10Arg = loss of 

function variant 
 Likely phenotypically 

susceptible

No known resistance-associated mutations detected

T28C = p.Trp10Arg
erm(41)

28 64-65 159 432 522 bp

Susceptible
Susceptible
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ANTIBIOTIC RESISTANCE

• Examples when resistances are detected
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NTM-PROFILER

• Sample N (subsp. massiliense)

erm(41)
28 64-65 159 432

274 bp

522 bp

2 bp
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TASKS - PATHOGENWATCH

• Goal: identify the source of the skin infection outbreak

• Task 1: Determine which NTM (sub)species were isolated from the environmental samples (L-O)

• Task 2: Determine the 7-loci MLST Sequence Type (ST) of the M. abscessus isolates

• Task 3: Determine the genetic distance (expressed as allele differences) between outbreak isolates

• Task 4: Determine whether the M. abscessus isolates belong to known dominant circulating clones (DCCs) 

• Task 5: Determine the genetic resistance profiles of the isolates

 Complete all results in Task_Exercise2026_NTM.xlsx

Task 6: Formulate a 
hypothesis regarding the 
transmission route
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PATHOGENWATCH

https://pathogen.watch/

Windows explorer
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PATHOGENWATCH

Same 7 loci MLST sequence type  first 
indication strains might be part of same 
outbreak/transmission chain 

https://pathogen.watch/

Patient 1
Patient 2
Patient 3
Patient 4
Shower (SGM)
Tap water
Shower (RGM)
Aquarium

Not displayed like this anymore in current version (29.04.2026)!

New version

Old version
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PATHOGENWATCH

= M. intracellulare subsp. chimaera

No subspecies information!!

Patient 1
Patient 2
Patient 3
Patient 4
Shower (SGM) patient 1
Tap water tattoo shop
Shower (RGM) patient 1
Aquarium patient 1
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PATHOGENWATCH

cgMLST: higher resolution, more reliable for outbreak analysis!

Patient 1
Patient 2
Patient 3
Patient 4
Shower (SGM) patient 1
Tap water tattoo shop
Shower (RGM) patient 1
Aquarium patient 1
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PATHOGENWATCH

You can choose a cluster threshold

Cluster threshold = 10

H/M

I

J

K
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PATHOGENWATCH

Note: No other (public) genomes within 50 allele distance Diricks et al. 2022

ST33 = DCC3a

25 other (public) 
genomes clustering at 
threshold of 27 alleles
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TASKS - PUBMLST

• Goal: identify the source of the skin infection outbreak

• Task 1: Determine which NTM (sub)species were isolated from the environmental samples (L-O)

• Task 2: Determine the 7-loci MLST Sequence Type (ST) of the M. abscessus isolates

• Task 3: Determine the genetic distance (expressed as allele differences) between outbreak isolates

• Task 4: Determine whether the M. abscessus isolates belong to known dominant circulating clones (DCCs) 

• Task 5: Determine the genetic resistance profiles of the isolates

 Complete all results in Task_Exercise2026_NTM.xlsx

Task 6: Formulate a 
hypothesis regarding the 
transmission route
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TASKS - PUBMLST

• Goal: identify the source of the skin infection outbreak

• Task 1: Determine which NTM (sub)species were isolated from the environmental samples (L-O)

• Task 2: Determine the 7-loci MLST Sequence Type (ST) of the M. abscessus isolates

• Task 3: Determine the genetic distance (expressed as allele differences) between outbreak isolates

• Task 4: Determine whether the M. abscessus isolates belong to known dominant circulating clones (DCCs) 

• Task 5: Determine the genetic resistance profiles of the isolates

 Complete all results in Task_Exercise2026_NTM.xlsx

Task 6: Formulate a 
hypothesis regarding the 
transmission route
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PUBMLST

Should be the same result as Pathogenwatch!!
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TASKS - PUBMLST

• Goal: identify the source of the skin infection outbreak

• Task 1: Determine which NTM (sub)species were isolated from the environmental samples (L-O)

• Task 2: Determine the 7-loci MLST Sequence Type (ST) of the M. abscessus isolates

• Task 3: Determine the genetic distance (expressed as allele differences) between outbreak isolates

• Task 4: Determine whether the M. abscessus isolates belong to known dominant circulating clones (DCCs) 

• Task 5: Determine the genetic resistance profiles of the isolates

 Complete all results in Task_Exercise2026_NTM.xlsx

Task 6: Formulate a 
hypothesis regarding the 
transmission route
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PUBMLST

https://pubmlst.org/

In case you want to 
analyse your own 

samples
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PUBMLST
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PUBMLST
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PUBMLST
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PUBMLST

Number on branches = cgMLST-based allele distances 
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PUBMLST – DISTANCE MATRIX

Scroll down to end of the page
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PUBMLST – DISTANCE MATRIX

With option „Exclude pairwise missing loci“ not checked (default)

With option „Exclude pairwise missing loci“ checked  most similar to grapetree 
distances

Isolate I
Isolate H

Gene x Gene y 
2

3

4

Missing loci 

Grapetree

Recommendation: exclude missing loci (to avoid inflated 
distances due to technical errors e.g. low coverage, assembly 
errors)
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DISTANCE MATRICES COMPARISON
pubMLST - cgMLST with Genome comparator - With option „Exclude pairwise missing loci“ checked

Original publication – cgSNP with SNVphyl cgSNP with MTBseq 

Different methods might result in slightly different distance matrices
(mainly depends on filter steps – e.g. removal of recombination)
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CGSNP ANALYSIS WITH MTBSEQ

https://github.com/ngs-fzb/MTBseq_source

Code:
$ conda install -c bioconda mtbseq
$ conda activate mtbseq
$ cd path/to/FastQ
$ MTBseq --step TBfull --ref M._abscessus_CIP-104536T_2014-02-03 --threads 1 --continue --sample Outbreak.txt

(i.e. Strain ID and lib ID if your fastq file is named like 
StrainID_libID_run_date_xbp_R*.fastq.gz). 
In this case, 6 samples will be compared.

Comparative analysis
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TASKS - PUBMLST

• Goal: identify the source of the skin infection outbreak

• Task 1: Determine which NTM (sub)species were isolated from the environmental samples (L-O)

• Task 2: Determine the 7-loci MLST Sequence Type (ST) of the M. abscessus isolates

• Task 3: Determine the genetic distance (expressed as allele differences) between outbreak isolates

• Task 4: Determine whether the M. abscessus isolates belong to known dominant circulating clones (DCCs) 

• Task 5: Determine the genetic resistance profiles of the isolates

 Complete all results in Task_Exercise2026_NTM.xlsx

Task 6: Formulate a 
hypothesis regarding the 
transmission route
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DOES MY ISOLATE BELONG TO A DCC?

1. Does my isolate has an ST that has been 
related with known DCCs?

E.g. DCC3a strains most often ST33

2. Does my isolate cluster closely with known 
DCC isolates on the whole-genome level?

 Use reference set (e.g. ECDC learning 
portal)

Diricks et al. 2022
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M. ABSCESSUS DCC CLASSIFICATION

Alternative source to get the reference list: https://github.com/ngs-fzb/NTMtools/tree/main/References

List of ~100 genomes with known DCC classification

Compare your M. abscessus genome with this reference set to confirm subspecies and to 
determine whether it belongs to a DCC 

Diricks et al. 2022; PMID: 35999208
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PUBMLST

• Does my isolate cluster closely with known DCC isolates on the whole-genome level?

• Compare your isolates with an available reference set (see tutorial)
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DOES MY ISOLATE BELONG TO A DCC?

• Does my isolate cluster closely with known DCC isolates on the whole-genome level?

• Compare your isolates with an available reference set (see tutorial)

All other DCCs > 250 alleles difference  no DCC!



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)38

DOES MY ISOLATE BELONG TO A DCC?

• Does my isolate cluster closely with known DCC isolates on the whole-genome level?

Shower isolate = DCC3a!

Australia

Australia

AustraliaCanada

Log 
scale



|         Research Center Borstel, Leibniz Lung Center

RIDOM TYPER

11.05.2026

https://www.ridom.de/ridom-typer

>1700 alleles apart from known DCCs
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RESULTS 

What is the most likely transmission route?

Negative Isolate M Sample O Sample L (SGM)
Sample N (RGM)

Ink tattoo shop Aquarium patient 1 Shower patient 1Tap water tattoo shop
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RESULTS 

What is the most likely transmission route?

• Source of infection could not be identified in tattoo outbreak
• Hypothesized that tap water bottle was likely a cause since it was 

routinely used for tattoo ink dilution at the parlour
• Drastic infection control measures were put into place including 

equipment disinfection and replacements, disposal material, and 
reagent changes and disinfection  no further cases


