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Outline

• Classification and clinical relevance of the M. tuberculosis complex

• Intra- and interspecies transmission events: the South African approach

• Unlocking the «Mycobacteriome»: from method to application

• Dynamics of within-host diversity and microevolution



Global relevance of Mycobacterium tuberculosis

3.7 % 
MDR/RR-TB

> ¼ in 
India

Global 
incidence 

134/100.000

6.1 % 
HIV

10.8 million 
people fell 
ill with the 

disease

1.25 million 
deaths



8 countries, 67% of global cases in 2023
87% in 30 high TB burden countries

Circles shown for countries with at least 100 000 estimated cases 
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Phylogenomics of the genus Mycobacterium

Multi-host 
pathogens

Modified from Galagan J.E., 2014

Able to survive in the 
environment

Tuberkulose: Ein Name, viele Facetten



Zoonotic TB and reverse zTB



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

OIEPanorama2019



Anecdotal events vs. hidden burden of continuous 
infections

Sunstrum, et al. Clin Infect Dis. 2024 
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Outline

• Classification and clinical relevance of the M. tuberculosis complex

• Intra- and interspecies transmission events: the South African approach

• Unlocking the «Mycobacteriome»: from method to application

• Dynamics of within-host diversity and microevolution



How is TB transmitted in 
South African wildlife?



Interfaces

TB

Direct contact 
between 
species

Environmental 
factors

Shared 
habitat

Contact within 
species
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Tracking M. bovis transmission in the genomic era

12
Allen et al. Infection, Genetics and Evolution 2025 

?



Retrieving whole-genome sequences from tissues 
samples: a culture-independent approach

Ghielmetti et al., Frontiers Microbiology 2023  
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Limpopo

(n = 13)

Mpumalanga MPk

(n = 37)
North West

(n = 2)

Eastern Cape

(n = 1)

Western Cape

Northern Cape

Free State

4

3

6

5

2

1

7

1

1

3

4

7

4

2

1

1
MGR

GF

NR3
NR1

KwaZulu-Natal
HiP

NR2 (n = 59)

PGR

WCC

GKCA

Genetic diversity and 
transmission dynamics 
of M. bovis in South African 
wildlife

Okunola et al., submitted
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1

8

17

7

19
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Wildlife host species

African Buffalo (Synerus caffer)

African Elephant (Loxodonta africana)

African Lion (Panthera leo)

African Wild Dog (Lycaon pictus)

Banded Mongoose (Mungos mungo)

Chacma Baboon (Papio ursinus)

Cheetah (Acinonyx jubatus)

Common Hippopotamus (Hippopotamus amphibius) 

Common Warthog (Phacochoerus africanus)

Genet (Genette spp)

Greater Kudu (Tragelaphus strepsiceros)

Leopard (Panthera pardus)

9

2018

2017
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n = 3
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Outline

• Classification and clinical relevance of the M. tuberculosis complex

• Intra- and interspecies transmission events: the South African approach

• Unlocking the «Mycobacteriome»: from method to application

• Dynamics of within-host diversity and microevolution



Mycobacteriome composition in M. bovis-infected African 

buffalo tissue samples

Ghielmetti et al. Scientific Reports 2024



Targeted NGS – Nasal mycobacteriome composition

Cooke et al. Front Microbiol. 2024 Mhlophe et al. Front. Vet. Sci. 2025



Zoonotic TB in  GeneXpert MTB/RIF Ultra-positive, culture-

negative sputum samples from a rural community in 

KwaZulu-Natal 

19



Environmental sampling for MTBC and NTM detection

Understanding indirect transmission

Shared 
Water 

sources

20

63 sites, 164 sample
10/164 (6%) M. bovis
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Outline

• Classification and clinical relevance of the M. tuberculosis complex

• Intra- and interspecies transmission events: the South African approach

• Unlocking the «Mycobacteriome»: from method to application

• Dynamics of within-host diversity and microevolution



Interspecies transmission of

Mycobacterium tuberculosis 

22
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L1.2.2.2 - JSFiddle - Code Playground

Gisch et al. Front Microbiol. 2022 

Mycobacterium tuberculosis L1.2.2.2

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).

•Guerra-Assunção 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-Assunção 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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• Genomic variant analysis of M. tb isolates from the elephant (n = 7) and a human (n = 9) outbreak in Malawi 

(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

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

Fatal case in KNP - 2016

• Different epidemiology of M. tb and M. bovis 

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

26



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



Institute of Animal Pathology
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