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Dynamics of within-host diversity and microevolution
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8 countries, 67% of global cases in 2023
87% in 30 high TB burden countries
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Phylogenomics of the genus Mycobacterium

M. canettii in East Africa and STBs

Lineage 1:
The Philippines and Indian Ocean

~67,000 years ago?

~2.5 million years ago?

Lineage 2:
o . — East Asia
Able to survive in the ~70,000 years ago?
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India and East Africa
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Lineage 7:

M. vanbaalenii (soil) Chimpanzee bacillus
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Nature Reviews | Genetics Modified from Galagan J.E., 2014






SocioEconomic
challenges

* Impact on rural communities
and the farming industry

 Eradication costs

 Trade barriers for live animals
and animal products

* Farmers, consumer, authorities
loss of trust

OlEPanorama2019




BREAKING THE CHAIN OF TRANSMISSION
STOPPING AND

Anecdotal events vs. hidden burden of continuous i

infections

» Emerg Infect Dis. 2021 Jul;27(7):1997-1999. doi: 10.3201/eid2707.204399 (#

Occupational Exposure to Zoonotic Tuberculosis Caused by Mycobacterium caprae,

Northern Greece, 2019

Dimitrios Papaventsis 123%™, George Dougas 123, Qurania Kalkouni 123, Simona Karabela 123, Katerina Manika 1-23

Review > Infection. 2025 Feb;53(1):481-487. doi: 10.1007/515010-024-02364-0.

Epub 2024 Aug 14.

Disseminated, fatal reactivation of bovine
tuberculosis in a patient treated with adalimumab: a
case report and review of the literature

Gioele Capoferri 1 Giovanni Ghielmetti 2, Bettina Glatz 3, Markus R Mutke 3, Alexandar Tzankov 4,

Roger Stephan 2, Peter M Keller °, Niklaus D Labhardt © 7

ACT NOW
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Sunstrum, et al. Clin Infect Dis. 2024
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Interfaces

Direct contact
between
species

Contact within Environmental
species factors

Shared
habitat
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Tracking M. bovis transmission in the genomic era

BIOSECURITY

FOOT AND
MOUTH
DISEASE
(FMD) .

kkkkkkkkkkk
J

Allen et al. Infection, Genetics and Evolution 2025
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Retrieving whole-genome sequences from tissues
samples: a culture-independent approach

African buffaloes
tissue samples
n=7)

GeneXpert MTB/RIF Ultra positive n B

v
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—
BN l Host- and
extraction DNeasy et g?\jn;am'”a”ts DNA end repair, native barcoding,
et e adapter ligation
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DNA PCI DNA
extraction DNeasy sxiradion

Blood & Tissue \ J
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Quality assessments /
bicinformatic analysis
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AGTCCCTGAATCGA CGCCCCTGAATCTA

11 LT
;lxé%rlstl:“s»lxmlcclsxlx AGTCCCTGAATCGA X X .
Enrichment of mapping Rejection of

Real-time mapping (~200 - 400 bases) reads and sequencing unmapped, non-
against user-specified reference of the entire molecule target reads

Ghielmetti et al., Frontiers Microbiology 2023




Genetic diversity and
transmission dynamics
of M. bovis in South Afri
wildlife
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Likely transmission cluster (0-5SNPs)

Number of individuals

nz4
n=3
n=2
n=1

Wildlife host species

@) African Buffalo (Synerus caffer)

. African Elephant (Loxodonta africana)

. African Lion (Panthera leo)

. African Wild Dog (Lycaon pictus)
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Mycobacteriome composition in M. bovis-infected African
buffalo tissue samples

oz A\ N\ = ¥
:{gﬁ ﬁfﬂfg == = %m@%%’ () e T:_ i 1poB

gDNA from native Multiplex-PCR DNA ends repair, Oxford Nanopore Amplicon sorting
tissue samples housekeeping barcoding and amplicon sequencing based on sequence
genes adapter ligation similarity and length
a Distribuition per target b Microbial composition
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0 25 50 75 100 0 25 50 75 100
Relative abundance Relative abundance

Ghielmetti et al. Scientific Reports 2024
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Zoonotic TB in GeneXpert MTB/RIF Ultra-positive, culture-
negative sputum samples from a rural community in
KwaZulu-Natal

nature africa

Explore content ¥  About the journal v

nature > nature africa > news > article

NEWS | 26 March 2024

Researchers detect first cases of
zoonotic TB in human sputum
samples in South Africa

Bovine TB found in human samples for first time in country pravy
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Environmental sampling for MTBC and NTM detection

Understanding indirect transmission
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Interspecies transmission of

Mycobacterium tuberculosis

BT z00 BASEL

Tuberkulose-Fall im Zolli: Was bedeutet
das flir Pfleger und Besuchende?

Der Elefanten-Bulle Tusker im Basler Zolli musste am Mittwochmorgen
eingeschlafert werden. Das Tier litt an offener Tuberkulose. Sorgen
mussten sich die Zolli-Besucherinnen und -Besucher aber trotzdem
keine machen, sagt die stellvertretende Basler Kantonsarztin Eva
Wiirfel.

Benjamin Wieland
eniamin fietan E Merken 1‘51 Drucken & Teilen

09.08.2023, 18.28 Uhr
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Star-Elefant ist tot

Elefantenbulle Tusker im Zoo Basel
eingeschlafert

Das Tier war in den sozialen Medien ein Star. Wegen Tuberkulose
musste der Elefant eingeschlafert werden.

Mittwoch, 09.08.2023, 11:01 Uhr
Aktualisiert um 13:19 Uhr
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Mycobacterium tuberculosis L1.2.2.2
L1 sub-lineage
Western Europe N=21 111
i
Western Asia N=16 112
113
Western Africa N=10 1.2:1.4
1:2:1.2
Southern Asia N=88 1221
Tree scale: 0.01 ————
1.222
Southern Africa N=14

Country of Origin
. Botswana
[l Diibouti

. Eswatini

[[] Ethiopia

. Germany

[] India

|:| Kenya

|:| Madagascar
|:| Malawi

|:| Republic of the Congo
|:| Mozambique
|:| Somalia

[ ] South Africa
. Switzerland

. Tanzania

[l Thailand

. Yemen

ERR7902724
ERRB775805
ERR

South-eastern Asia

Eastern Africa

N=58
0% 25% 50% 75% 100%

Gisch et al. Front Microbiol. 2022 L

Previous large-scale investigations revealed that M. tb
lineage 1 had the highest mutation rate (0.58
SNPs/year) compared to other lineages, while lineage 2
had the lowest (0.11 SNPs/year).

e
*Guerra-Assuncao JA et al., "Large-scale whole genome sequencing of M. tuberculosis provides insights into transmission in a
high prevalence area.", Elife, 2015 Mar 3;4

*Guerra-Assuncao JA et al., "Recurrence due to relapse or reinfection with Mycobacterium tuberculosis: a whole-genome
sequencing approach in a large, population-based cohort with a high HIV infection prevalence and active follow-up.", J Infect
Dis, 2015 Apr 1;211(7):1154-63
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L1.2.2.2 - JSFiddle - Code Playground



https://jsfiddle.net/sy3k109p/
https://jsfiddle.net/sy3k109p/
https://jsfiddle.net/sy3k109p/
https://jsfiddle.net/sy3k109p/
https://jsfiddle.net/sy3k109p/
https://www.ncbi.nlm.nih.gov/pubmed/25732036
https://www.ncbi.nlm.nih.gov/pubmed/25732036
https://www.ncbi.nlm.nih.gov/pubmed/25732036
https://www.ncbi.nlm.nih.gov/pubmed/25732036
https://www.ncbi.nlm.nih.gov/pubmed/25732036
https://www.ncbi.nlm.nih.gov/pubmed/25336729
https://www.ncbi.nlm.nih.gov/pubmed/25336729
https://www.ncbi.nlm.nih.gov/pubmed/25336729
https://www.ncbi.nlm.nih.gov/pubmed/25336729
https://www.ncbi.nlm.nih.gov/pubmed/25336729

Distribution of Genomic Mutations by Category and Group

Malawi Outbreak
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7) and a human (n = 9) outbreak in Malawi

Genomic variant analysis of M. tb isolates from the elephant (n

(both L1.2.2.2) revealed potential host immune-driven modulation.

Elephant isolates presented significantly (p = 0.025) higher variations in cell wall and cell process-

associated proteins compared to a Malawian human cohort, suggesting adaptive mechanisms across hosts.



TB in Wild Elephants

Fatal case in KNP - 2016

Miller et al., Front. Vet. Sci. 2019

DAILY¥# MAVERICK

'OUR BURNING PLANET

IN PICTURES

A jumbo operation to test Kruger Park elephant for TB

Different epidemiology of M. tb and M. bovis

The impact of surrounding communities and tourism
is to be evaluated
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Summary

 Human and animal adapted Mycobacterium tuberculosis complex ecotypes are
distinct, yet interspecies transmission can occur in both directions.

« Understanding the complexity of tuberculosis requires investigations within real-
life ecological settings.

« Portable, high-throughput sequencing platforms offer valuable insights into
transmission dynamics.

* Animal hosts can serve as models for studying human infectious diseases.

27
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