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Summary
Background MPT64 is a key protein used for Mycobacterium tuberculosis (MTB) complex strain identification. We
describe protracted transmission of an MPT64 negative MTB strain in Queensland, Australia, and explore genomic
factors related to its successful spread.

Methods All MPT64 negative strains identified between 2002 and 2022 by the Queensland Mycobacteria Reference
Laboratory, and an additional 2 isolates from New South Wales (NSW), were whole genome sequenced. Bayesian
modelling and phylogeographical analyses were used to assess their evolutionary history and transmission dynamics.
Protein structural modelling to understand the putative functional effects of the mutated gene coding for MPT64
protein was performed.

Findings Forty-three MPT64 negative isolates were sequenced, belonging to a single MTB cluster of Lineage 4.1.1.1
strains. Combined with a UK dataset of the same lineage, molecular dating estimated 1990 (95% HPD 1987–1993) as
the likely time of strain introduction into Australia. Although the strain has spread over a wide geographic area and
new cases linked to the cluster continue to arise, phylodynamic analysis suggest the outbreak peaked around 2003. All
MPT64 negative strains had a frame shift mutation (delAT, p.Val216fs) within the MPT64 gene, which confers two
major structural rearrangements at the C-terminus of the protein.

Interpretation This study uncovered the origins of an MPT64 negative MTB outbreak in Australia, providing a richer un-
derstanding of its biology and transmission dynamics, as well as guidance for clinical diagnosis and public health action. The
potential spread of MPT64 negative strains undermines the diagnostic utility of the MPT64 immunochromatographic test.
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Copyright Crown Copyright © 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Tuberculosis; Mycobacterium tuberculosis; MPT64; Phylodynamics; Laboratory diagnostics; Transmission;
Queensland; Australia
*Corresponding author. Queensland Mycobacterium Reference Laboratory, Level 5, Block 7, Royal Brisbane and Womens Hospital Campus, But-
terfield Street, Herston, Brisbane, Queensland 4006, Australia.

E-mail addresses: chris.coulter@health.qld.gov.au (C. Coulter), arnold.bainomugisa@health.qld.gov.au (A. Bainomugisa).

www.thelancet.com Vol 47 June, 2024 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:chris.coulter@health.qld.gov.au
mailto:arnold.bainomugisa@health.qld.gov.au
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lanwpc.2024.101105&domain=pdf
https://doi.org/10.1016/j.lanwpc.2024.101105
https://doi.org/10.1016/j.lanwpc.2024.101105
https://doi.org/10.1016/j.lanwpc.2024.101105
http://www.thelancet.com


Research in context

Evidence before this study
Multiple studies have described the accuracy of MPT64
detection as a test to differentiate non-tuberculous
mycobacteria (NTM) from Mycobacterium tuberculosis complex
(MTB) in positive mycobacterial cultures. Only one study
highlighted that the diagnostic accuracy of the MPT64
antigen assay may be negatively influenced by the presence of
a 63-bp deletion in the MPT64 gene and associated this
variant with a Lineage 4.2.2 strain. No previous studies have
utilised genomic data of MPT64 negative strains to examine
the temporal evolution and test their ability to spread within
communities. Moreover, no retrospective or prospective
studies have identified any MPT64 negative strain of MTB in
Australia.

Added value of this study
This is the first study to report a large MTB transmission
cluster of a unique MPT64 negative Lineage 4.1.1.1 variant
(p.Val216fs), with predicted structural rearrangement of the
MPT64 protein impacting immune regulation. We utilised
whole genome sequencing and advanced Bayesian analyses
to understand the evolutionary history and transmission
dynamics of the strain. Molecular dating estimated this

strain was introduced into Queensland, Australia in the
1990s. Although cases mapped to large geographic areas in
North and Central Queensland covering many hundreds of
square kilometres, the incidence of genomic clustering was
not restricted based on postcode. Our results indicate that
this is an active ongoing outbreak. Phylodynamic analyses
suggest an initial high reproductive number (R0 > 1.8) with
reduced transmission since the strain and cluster has been
identified.

Implications of all the available evidence
Molecular characterisation of a novel MPT64 negative strain
with wide geographic spread, demonstrates the potential
risk of using antigen specific tests, like the MPT64
immunochromatographic test, for disease diagnosis unless
additional molecular tests are utilised. Misdiagnosis of such
strains may facilitate diagnostic selection, leading to delayed
treatment initiation. WGS can identify instances of potential
misdiagnosis, clarify the underlying mechanism, provide
high resolution transmission dynamics to guide control
efforts and uncover the origins and historical burden of an
outbreak.
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Introduction
Australia is a low tuberculosis (TB) incidence country
that has already achieved End TB pre-elimination targets
(<10 case/million population) in the nonindigenous
Australia-born population. Yet Australian Aboriginal
and Torres-Strait Islander First Nations people, experi-
ence five to six times the TB disease burden compared
to non-indigenous Australian born citizens.1

TB incidence rates have been sustained at 5–6/
100,000 population since the late 1980s.2 However,
progress has stagnated and achieving the TB elimina-
tion target of <1 case per million population remains out
of reach. Variation in TB incidence rates between
different States and Territories mainly reflect differ-
ences in migration patterns.1,3 The State of Queensland
(QLD) has one of the lowest TB incidence rates (3–4/
100,000 population),1 but cross-border TB transmission
from Papua New Guinea (PNG) via the Torres Strait has
been a major challenge.4

Acid-fast bacilli (AFB) microscopy has been the main
TB diagnostic tool for more than a century, yet it cannot
distinguish MTBC (M. tuberculosis complex) from non-
tuberculous mycobacteria (NTM) or identify drug
resistant disease.5 Despite the widespread use of rapid
molecular diagnostic tools such as Xpert MTB/RIF as-
says, bacterial culture remains the most sensitive labo-
ratory test for the diagnosis of TB and is a prerequisite
for comprehensive phenotypic drug susceptibility
testing (pDST), strain typing and sequencing.5

Rapid differentiation of MTBC from NTM in a
positive culture is necessary for prompt and appro-
priate treatment initiation where a rapid molecular test
has not been used or returned an initial negative direct
result for MTBC detection. The MPT64 antigen test is a
commonly used immunochromatographic assay that is
easy to perform and rapidly differentiates MTBC from
NTM in positive cultures. A false negative test may
either delay diagnosis and early treatment initiation or
negate the opportunity for comprehensive pDST
noting rapid molecular detection assays are unable to
interrogate drug resistance to many new and repur-
posed treatment agents. MPT64 (Rv1980c) is a 24-kDa
secreted protein found in all MTBC species except
some strains of M.bovis and M.bovis BCG,6 that is
hypothesised to be one of the first proteins to interact
with the host immune system.7 It seems important in
activating and regulating the host immune response,
affecting bacterial proliferation and survival.7,8 Given
that it is recognised by human Th1 cells, it has been
used as a TB disease marker and potential vaccine
candidate.9 Although the MPT64 antigen is highly
conserved, a recent study highlighted a lineage 4.2.2
strain with 63bp deletion variant in MPT6410 that im-
pacts on the diagnostic sensitivity of the assay while
www.thelancet.com Vol 47 June, 2024
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lineage 5 and 6 strains are thought to have a lower
diagnostic sensitivity without known MPT64 gene
polymorphisms.11,12

In September 2017, a case of drug susceptible pul-
monary TB was diagnosed in North Queensland,
Australia, as a part of a routine contact investigation.
The M. tuberculosis strain isolated tested MPT64
negative as did strains from three other close contacts
also diagnosed with pulmonary TB months prior and
after the above case was detected. Retrospective and
prospective investigations were initiated to identify
similar cases that may have formed a genotypically
similar cluster. In this study, we confirmed the exis-
tence of a globally unique MPT64 negative M.tubercu-
losis outbreak using whole genome sequencing (WGS).
We examined the evolutionary history of this strain and
mapped the transmission patterns and temporal dy-
namics of this outbreak by using phylodynamic ap-
proaches together with relevant epidemiological
information.
Methods
Routine laboratory methods
All new MTB isolated in Queensland are characterised
at the Queensland Mycobacterium Reference Labora-
tory (QMRL) and are derived from either primary
isolation or referred from private pathology services.
While methods have evolved over time, all specimens
undergo acid fast smear microscopy and culture using
both liquid (automated Mycobacterial Growth Indicator
Tube (MGIT) system) and solid (Lowenstein Jansen
with pyruvate) media. The immunochromatographic
MPT64 assay (SD Bioline TB AgMPT64 Rapid) was
introduced in 2008 for rapid identification of MTBC
isolates, with further confirmation by a molecular
method for differentiation of MTBC members per-
formed using Taqman multiplex Real-time PCR assay
targeting regions of difference (RDs; RD1, RD4, RD9,
RD9ext, and RD12).13 Any isolates with morphology
consistent with M. tuberculosis but with a negative
MPT64 test are subjected to a molecular test that has
varied in type over the two decades of this study. Xpert
MTB/RIF is used selectively since 2010. Phenotypic
DST is performed using the MGIT system as previ-
ously described.14 From 2001 onwards, all new TB
strains were genotyped, initially by five loci variable
number tandem repeat (VNTR) typing and progres-
sively with the addition of 12 and then 24 loci myco-
bacterial interspersed repetitive unit (MIRU)
genotyping. GeneMapper v4.0 (Applied Biosystems)
was used for fragment analysis and Bionumerics v6.7
(Applied Maths, Belgium) used for clonal structure
analysis and VNTR-MIRU profiles storage. As a
routine, all new MTBC strains are stored for later
retrieval if necessary.
www.thelancet.com Vol 47 June, 2024
Study population and specimen selection
Once the MPT64 negative cluster was suspected, in-
vestigations were carried out retrospectively and pro-
spectively to identify all possible linked patients. Firstly,
Bionumerics data were interrogated for strains with
profiles consistent with the VNTR-MIRU profile of the
cluster type strain identified in 2017, noting that earlier
characterised isolates may have had less loci examined.
Such strains were sub-cultured from storage and tested
for the presence of MPT64 antigen production. All
strains were subjected to full VNTR-MIRU analysis if
not already performed. Secondly, review of surveillance
data collected by the Queensland Communicable Dis-
eases Branch and regional TB Control Units was done to
identify any clinically diagnosed cases with strong
epidemiological links to any of the identified cluster
cases. Thirdly, the typing profile was shared with other
Australian jurisdictions via the National Tuberculosis
Advisory Committee (NTAC) and they were requested to
identify any cases with the same typing profile. Fourthly,
any TB patient with an MPT64 negative strain or whose
isolate clustered with the outbreak were prospectively
included. Some of the demographic and microbiological
data for all isolates were collated for analysis. Lastly in
2023, a recent type sequence for the outbreak was sub-
mitted to the Communicable Diseases Genomic
Network (CDGN), Commonwealth Department of
Health and Ageing for WGS matching with jurisdic-
tional strains contained in the national database
(2015–2022).

Use of information obtained to investigate this
outbreak of public health significance regarding a
Notifiable Condition in Queensland is supported by the
Public Health Act (2005). In additional the institutional
review board of the Children’s Health Queensland
Hospital and Health Service Human Research Ethics
Committee and Ethics and the Forensic and Scientific
Services Human Ethics Committee (FSS-HEC) granted
ethical approval for the study. Ethical approval included
a waiver of individual patient consent.

Whole genome sequencing and genotypic drug
resistance prediction
Genomic DNA was extracted using previous described
methods.14 WGS was performed at Forensic and Sci-
entific Services (FSS, Coopers Plains, Brisbane) with
NextSeq 550 Illumina technology using Nextera XT li-
brary preparation kits (Illumina, San Diego, CA). Pri-
mary analysis of generated paired-end reads was done
using updated versions of previously described methods
(see Supplementary Materials and Methods for addi-
tional information).4 The VCF file was used to infer
MTB lineage with SNP typing according to Napier
et al.15 TB-Profiler v4.4.216 and an in-house custom
resistance mutation dataset was used for resistance
prediction. Polymorphism within MPT64 was assessed
3
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and protein structure predicted (see Supplementary
Materials and Methods for additional information).

Phylogenetic reconstruction and strain diversity
A maximum likelihood phylogenetic analysis of study
strains and publicly available lineage 4 datasets,17,18 as
reference genomes was undertaken using IQ-TREE
v2.1.219 on a multi-sample fasta alignment. Model-
Finder20 was used to identify the best substitution model to
run IQ-TREE, at 1000 standard nonparametric bootstrap
replicates and tree visualised using FigTree v1.4.4. We
used iTol21 to annotate the phylogenies. Pairwise SNP
distance was determined using the ape library in R v4.0.2.22

Time dependent phylogenetic reconstruction
We used Markov chain Monte Carlo (MCMC)-based
Bayesian phylogenetic inference using Beast v2.6.723,24 to
reconstruct dated phylogenetic trees and infer the time
to the most recent common ancestor. To find the best
model, we used both strict and relaxed molecular clock
with an informative prior distribution on the mutation
rate, used both Hasegawa-Kishino-Yano (HKY) and
general-time-reversible (GTR) substitution models. We
ran each MCMC chain for at least 100 million states
with 10% burn-in (see Supplementary Methods for
additional information).

Bayesian phylodynamic inference
Inference of phylogenetic topology together with
epidemiological parameters, particularly effective
reproductive number (R0) and non-infectious rate (δ),
birth-death skyline serial (BDS) model was performed
using Beast v2.6.7. This model assumes an infection
event to be considered as “birth” of a newly infected
individual while a recovery event (successful treatment)
as a “death”, on heterochronous data (sequences
sampled at different times). For this analysis, the priors
were configured as previously described25 but with some
adjustments; lognormal prior (μ = 2.5, σ = 0.5) on time
of origin parameter (T), covering the last 40 years and
longer. For reproductive number (R0), we chose a
lognormal prior (μ = 0, σ = 1), which placed most weight
below 5.18 (95% quartile) and estimated at 10 inde-
pendent intervals with recovery rate assumed to be
constant throughout the time. The sampling proportion
(ρ) was set to zero before the first sample, then config-
ured to a Beta (45,5) distribution prior. A lognormal
prior was utilised to configure non-infectious rate
parameter (δ) that reflected a median infectious period
of 3 years (μ = 0.5, σ = 1.0), which allows for short and
longer durations of infection. An informative uniform
prior was defined for substitution rate (initial value
7.9 × 10−8 nucleotide change/site/year; range 1 × 10−9 to
1 × 10−6), GTR substitution model with four gamma
categories, and Markov chain Monte Carlo (MCMC)
chain length and burn-in were set up as described
above. Examination of log files was performed (see
Supplementary Materials and Methods for additional
information) to ensure each model had sufficient sta-
tistical support. We ran the model with the same pa-
rameters as above using Hasegawa-Kishino-Yano (HKY)
substitution model in place of GTR.

Transmission inference
We utilised TransPhylo26 in R package to infer number
of secondary cases for all isolates, using dated-labelled
phylogeny and MCMC approach. In TransPhylo, trans-
mission is modelled as a stochastic branching process,
with a negative binomial distribution of secondary cases.
The times between transmission events (generation
times) and the times between infection and sampling
(sampling times) are drawn from a Gamma distribution,
with individuals infected right before the end of the
sampling period having a lower probability of being
sampled. The sampling proportion reflects the propor-
tion of sampled cases since the onset of the outbreak. A
coalescent model with constant population size Ne is
used to model within-host evolution and a complete
transmission bottleneck is assumed at transmission.

The generation time was configured using a long-tailed
gamma distribution with parameters (shape = 0.8,
scale = 7), which caters for long latent TB infections before
activation and transmission. The sampling proportion was
set at 80%, considering the well-resourced setting with
effective case-finding strategies. Within-host and repro-
ductive number were set at default setting, and the model
was run at 100,000 MCMC chain of length, with states
sampled every 10 steps. The first 20% of samples from
each chain were discarded as burn-in before samples from
the different chains were pooled. Convergence was
assessed using trace plots and by confirming that the
effective sample size (ESS) was at least 200 for each of the
inferred parameters. R (cluster package) was used for
construction of genomic clusters.

Phylogeographic analysis
To test for geospatial genetic structure, a mantel test
(geosphere R package) was utilised to evaluate the rela-
tionship between genetic and geographic distances for
all Queensland isolates. The statistical significance was
evaluated by permuting matrices at 10,000, using pair-
wise SNP distance and geographic distance between
isolates as measured by haversine great-circle (between
relevant Queensland post codes) for paired strains.27

To assess the historical process that might be
responsible for the past to present geographical distri-
bution of the strain, we utilised PASTML,28 which uses a
rooted timed tree and geographical locations of the
strains as in-put. We assigned each strain the post code
of residence (according to when the first diagnostic
specimen was collected) and used PASTML to recon-
struct the geographical ranges and changes, using
MPPA as prediction method (standard settings) and
added the character predicted by the joint reconstruction
www.thelancet.com Vol 47 June, 2024
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Initial MPT64 negative close-
contacts, n=4

#MIRU/VNTR identified
cluster, n=69

Isolates retrievable – MPT64
testing, n=53

WGS – MPT64 negative, n=43
(QLD=41, *NSW=2)

Missing/failed to
grow, n=16

MPT64 positive,
n=12

Fig. 1: Flow diagram of strain identification (2002–2022) and
genomic analysis. #Bionumerics analysis of 5, 15 or 24 loci MIRU
typing that was performed at different times of the study period.
*MPT64 untested strains with similar MIRU profile.
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even if it was not selected by the Brier score (option
-forced_joint).

Role of the funding source
The funder had no role in the study design, data anal-
ysis, interpretation or report writing.
Fig. 2: Map of Queensland, Australia (inset), showing local govern

www.thelancet.com Vol 47 June, 2024
Results
Laboratory isolate characteristics
As of 31st July 2023, 69 cases from Queensland resi-
dents were identified as possible outbreak cases while 2
cases were identified from New South Wales (NSW)
through the NTAC and CDGN search process (Fig. 1).
Of the 53 Queensland suspected isolates that were
retrieved and successfully cultured, 41 tested MPT64
negative and were all confirmed to be M. tuberculosis
(Supplementary Table S1). When entire MIRU-24 pro-
files for all isolates (including those that initially had
5,12 and 15 loci assessed) were re-analysed, 23/24 loci
were identical among all isolates (Supplementary
Table S2).

Cases were generally centred around Cairns
(n = 13), Townsville (n = 12) and the Tablelands (n = 3)
in North Queensland and less so, Central Queensland,
Australia (Fig. 2). As previously reported,29 most cases
identified were First Nations people. Five additional
cases lacking culture confirmation (and thus unavai-
lable for genomic analysis), were considered to likely
be part the outbreak on consideration of epidemiolog-
ical links.

All isolates were found to be fully susceptible to all
first-line agents with no drug resistance conferring
mutations detected on WGS.
ment areas where outbreak cluster members were identified.

5
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MPT64 gene polymorphism and protein structure
A total of forty-three sequences were analysed (including
2 from NSW) with an average read depth of 122X and
average reference coverage >99%. The indel variant
calling identified a deletion mutation (delAT,
p.Val216fs) within the MPT64 gene among all study
isolates; visual inspection of alignment reads confirmed
the deletion (Supplementary Fig. S1). Fig. 3 shows the
predicted tertiary structure of MPT64 protein with and
without the frame-shift deletion. Of the 223 MPT64
amino acids of the mutant, 201 (90%) were modelled
with 100% confidence, resulting in two major structural
rearrangements at the C-terminus, when compared to
the wild-type protein. There is loss of three amino acids
on the last beta-strand of the protein (pos. 217–219) and
rearrangement of the only transmembrane helix part of
the protein (pos. 204–206) to a longer alpha-helix
structure (pos. 203–207) in the mutant protein, losing
the transmembrane signal.
Fig. 3: Predicted tertiary structure of mutated MPT64 protein*. A–unm
transmembrane helix); B–mutated MPT64 sequence (delAT, p.Val216); C
Phyre2 software v2.0 (1). **Red arrow overlapping the turquoise arrow–l
217–219). Red alpha helix structure overlapping a turquoise flat helix hig
Global phylogeny of lineage 4 strains
All MPT64 negative strains were identified as belonging
to MTBC sub-lineage 4.1.1.1; as per Napier et al. clas-
sification.15 To investigate the origins and dispersal of
these strains, we compiled a dataset comprising our 43
Australian genomes and 383 lineage 4 genomes from
previous studies, representing 100 different coun-
tries.17,18 Using a high-quality variant alignment (26304
SNPs) to infer lineage 4 phylogeny, we demonstrated
that the Australian strains formed a paraphyletic clade
with strains from the United Kingdom (UK) Midlands
(also by coincidence n = 43) (Fig. 4).

Temporal evolution of the MPT64 negative strain
We explored the shared ancestral origin and temporal
evolution of the Australian and UK L4.1.1.1 strains us-
ing Beast2 (with an alignment of 611 SNPs). Date ran-
domisation test for temporal signal within the combined
data showed sufficient temporal signal for analysis
utated MPT64 sequence (green arrow—beta strand, black arrow—
–overlap of A and B to emphasise key differences**. *Predicted by
oss of three amino acids on the last beta-strand of the protein (pos.
hlight rearrangement at pos. 203–207 in the mutant protein.

www.thelancet.com Vol 47 June, 2024
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Fig. 4:Maximum likelihood phylogeny of global Lineage 4 genomes*. The Orange triangle marks the tree branch with the Australian genomes**
and the blue triangle the tree branch with ancestral UK genomes. Single Nucleotide Polymorphism (SNP); United Kingdom (UK). *SNP Phy-
logeny of 383 Lineage 4 isolates from a Stucki et al., including UK genomes (2). **Total number of Lineage 4.1.1.1 strains sequenced in
Queensland to date (41) plus two strains sequenced in NSW.
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(Supplementary Fig. S2). Bayesian model comparison
using path sampling determined coalescent exponential
demographic model, with HKY nucleotide substitution
rate as the best model (Supplementary Table S3). Under
this model, we estimated a mean substitution rate of
0.37 SNPs per genome per year (95% HPD 0.26–0.5),
which is similar to studies using contemporary L4 and
mixed lineage MTBC genomes.30–33 The phylogenetic
tree of all L4.1.1.1 strains (Fig. 5) estimated time of the
most recent common ancestor (TMRCA) in the year
1683 (95% HPD 1472–1876), with 1765 (95% HPD
1650–1835) estimated for the UK strains. The TMRCA
www.thelancet.com Vol 47 June, 2024
for the Australian strain was estimated to be 1990 (95%
HPD 1987–1993), indicating relatively recent introduc-
tion or clonal expansion from a previously introduced
unsampled L4.1.1.1 strain that has attained local
adaptations.

Phylodynamic inference
MPT64 negative L4.1.1.1 strain, Australia
Path sampling revealed a relaxed molecular clock with
HKY nucleotide substitution rate as the best BDS
model (Supplementary Table S4), facilitating estima-
tion of posterior distributions from the model for
7
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Fig. 5: Phylogenetic reconstruction* of closely related Lineage 4.1.1.1 M. tuberculosis genomes. UK genomes marked in blue and Australian
genomes marked in orange. Nodes labelled with estimated time of divergence (95% highest probability density intervals). Columns show
predicted drug resistance in red. RIF-Rifampicin, INH-Isoniazid, PZA-Pyrazinamide, ETB-Ethambutol and STR-Streptomycin. *Bayesian phylo-
genetic reconstruction using the best evolutionary model (relaxed lognormal clock, Hasegawa–Kishino–Yano substitution and exponential
demographic).
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parameters such as the effective reproductive number
(R0) and non-infectiousness (Supplementary Fig. S3).
The skyline plot (Fig. 6A) of Ro revealed an estimated
1.8 (95% HPD 0.3–4.9) at the start, which increased to
2 (its maximum) by 2004, and gradually declined (with
some expected variability) to levels below 1 at the pre-
sent time. The median rate to become non-infectious
was estimated to be 0.14 (95% HPD 0.09–0.19),
which implies an infectious period of roughly 7 years.
The medium sampling proportion was estimated to be
90% (95% HPD 82–97%), with an estimated mean
substitution rate of 0.33 SNPs per genome per year
(95% HPD 0.24–0.45).
MPT64 positive L4.1.1.1 strain, UK
For the UK strain (Fig. 6B), the same BDS model
indicated a R0 estimate of slightly above 1 at the start,
with a sharp increase peaking at 2.2 around 1997, before
declining and peaking again at 2.4 around 2005. Since
2008 it has declined to levels below 1 (declining
epidemic), where it has remained ever since. The me-
dian rate to become non-infectious was estimated to be
0.18, suggesting an infected period of around 5 years.
The median sampling proportion was estimated to be
89% (95% HPD 81–97%), with an estimated mean
substitution rate of 0.52 SNPs per genome per year
(95% HPD 0.35–0.61).
www.thelancet.com Vol 47 June, 2024
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Fig. 6: Birth-death skyline plots of effective reproductive number (R0) for Australian (A) and UK (B) L4.1.1.1 genomes. The grey region is the
95% highest probability density intervals (HPD), while the black line is the median.

Articles
Comparison of transmission fitness
The mean pairwise SNP distance among the 43
Australian genomes (MPT64 negative) was 6 SNPs (IQR
4–10), illustrating limited diversity among the isolates,
while a mean of 147 SNPs (IQR 10–242) was identified
among the UK genomes (MPT64 positive). To assess the
relative transmission dynamics between the two out-
breaks, we used ≤5 and ≤ 12 SNP distance thresholds
for cluster identification. With a 5 SNP cut-off, 81% (35/
43) of MPT64 negative isolates formed 5 genomic
clusters, whereas 83% (36/43) of the UK MPT64 posi-
tive isolates produced 9 genomic clusters (Table 1). At
the 12 SNP threshold, MPT64 negative strains formed a
single genomic cluster compared to 5 genomic clusters
for MPT64 positive strains. TransPhylo (getOff-
springDist) was used to estimate the number of sec-
ondary cases from each isolate (representing a single
patient). We calculated the posterior probability that
each patient generated at least one secondary case and
labelled those with a posterior probability >0.9 as a
‘transmitter’.34 We identified 7 transmitters among the
UK strains, while 3 transmitters were identified among
the MPT64 negative outbreak.

Geospatial and phylogeographical analysis
Comparing the 41 MPT64 negative Queensland isolates
using Mantel test for pairwise SNP difference and
geospatial distance showed poor correlation (r = 0.184,
p = 0.690) (Supplementary Fig. S4). This illustrates poor
geospatial clustering at the postcode level, suggesting
Lineage 4.1.1.1 strain Year Total No. 5 SNPs cu

No. in clu

MPT64-Neg (Aus) 2002–2022 43 35
MPT64-Pos (UK) 1998–2010 43 36

SNP clustering performed using cluster package in R.

Table 1: Genomic clusters for Australian and UK L4.1.1.1 genomes using diff

www.thelancet.com Vol 47 June, 2024
high patient mobility. Using the time-rooted tree for
pastml analysis, we found that Townsville was predicted
to be the geographic origin (Fig. 7), with subsequent
spread to surrounding towns and beyond. Five back
migration events, where the strain was re-introduced
into Townsville, illustrates the mobility of the affected
population in and out of Townsville. Although there
were lots of uncertain nodes, Cairns was identified as
the likely intermediary to spread further north (i.e.
Mareeba and the Tablelands).
Discussion
We describe the largest and longest standing TB
outbreak ever investigated in Australia, caused by an
MPT64 negative strain introduced into Queensland
around 1990. The MPT64 protein stimulates a strong T-
cell mediated immune response,35 and the frame-shift
mutation observed in this MPT64 negative cluster may
have caused reduced T-cell immune responses resulting
in an attenuated phenotype potentially facilitating the
sustained cryptic transmission. The observed mutation
induced rearrangement of the C-terminus, which is
required for localisation within the endoreticulum of
macrophages, would impair protein response.35

Our geospatial phylogenetic structure analysis
revealed that these MPT64 negative strains were spread
by internal migration and people movement within
Queensland. Mobility over long distances and at times
homelessness were noted in this group of predominantly
t-off 12 SNPs cut-off

sters No. of clusters No. in clusters No. of clusters

5 42 1
9 43 5

erent SNP cut-offs.
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Fig. 7: Ancestral reconstruction of MPT64 negative strains with likely geographic spread*. The size of the circles is proportional to the number
of patients, arrows depict the likely direction of spread. The size of the arrows reflects migration pattern as seen on the tree, the dark arrow
represents independent introductions in the same location. Different circle colours correspond to different post codes of the strains. *From
PastML analysis showing a compressed tree for all locations.
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First Nations people (detailed epidemiological data to be
published separately) and similar to displaced people and
internal migrants elsewhere are more likely than
geographically stable residents to share crowded living
conditions and be of low socio-economic status, all of
which are associated with an increased risk of tubercu-
losis development and spread.36 Although Townsville was
recognised as the most likely origin and epicentre of the
outbreak, the cluster analysis indicated repeated reintro-
duction events demonstrating dynamic interaction with
external communities and emphasising the need for
vigilant surveillance and ongoing disease control efforts.

Lineage 4 (Euro-American) is genetically diverse and
its global spread has been attributed to European
migration and colonisation.17 Although the closely
related UK strain was MPT64 positive, it allowed us to
perform comparative genomic analysis gaining valuable
evolutionary insight. Our dating analysis estimated 1683
as the Lineage 4.1.1.1 TMRCA, which coincides with
major waves of European migration out of Europe to
Asia.31 However, the MPT64 negative strain identified in
Queensland, Australia was only introduced around
1990. The vast majority of TB notifications in Australia
are attributed to people movement and recent importa-
tion from high TB incidence settings.4,37 Despite the fact
that sampling dates range between 2002 and 2022, with
majority of the Australian cases reported in 2012 (7
cases), our R0 skyline plot indicated that the outbreak
peaked around 2003. The fact that the peak of the
outbreak occurred several years before it was detected,
shows that this strain may have a long latency period.
People have tried to infer latency periods from such
data, but multiple factors contribute to periods of more
effective spread. Kühnert et al. inferred long latency
periods after phylodynamic analysis of a Swiss
outbreak,25 but the affected population included people
with homelessness and substance abuse, suggesting
that social factors were likely central to observed trans-
mission dynamics.

Interestingly, the estimated mutation rate for UK
strains was found to be slightly higher than that for
Australian strains (0.52 vs 0.33 SNP/genome/year). A
study analysing two independent sub-lineage 4.1.2
datasets, one from Argentina (drug resistant) and the
other from Canada (drug susceptible), found mutation
rates to be broadly similar (0.22 vs 0.39 SNP/genome/
year), suggesting that the evolution of antibiotic resis-
tance did not have a large impact on the rate of molec-
ular evolution of MTBC.38 We noted less genetic
diversity among the Australian strains and high clus-
tering using a 5 SNP threshold compared to UK strains,
which is not unexpected given its recent introduction. A
5 SNP threshold has been used to infer recent local
transmission, while a 12 SNP threshold may identify
older transmission events or transmission of more
diverse minority variants.39,40 This suggests more recent
and ongoing transmission in Australia, but other factors
such as length of latency, the rate of the molecular clock,
sub-population transmission and sampling period may
all influence the clustering signal.41 The use of a
Bayesian-based approach (TransPhylo) showed more
plausible secondary cases inferred from the UK strains
than Australian strains, which suggests a lower trans-
missibility among the Australian strains.

Our study has some limitations. Transmission in-
ferences based on genomics as yet have not been fully
corroborated with detailed epidemiological data.
Although the reference laboratory provides compre-
hensive passive surveillance, some historical isolates
may have been missed or misidentified, although the
www.thelancet.com Vol 47 June, 2024
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practice of using a second molecular test to confirm
MTBC makes misidentification unlikely. Inclusion
criteria included the use of MIRU-24 profiling or
MPT64 test results, which were in place from 2000 to
2007, respectively, but the outbreak was predicted to
have begun earlier. It was not feasible to filter isolates
prior to 2000 as to likelihood of cluster membership and
retrieval of isolates from the 1990’s is often unsuccess-
ful in our laboratory. Nevertheless, we were able to gain
deep insight from comparative genomic analyses and
our retrospective sampling should have identified the
vast majority of historical isolates. Although all Austra-
lian jurisdictions examined their own VNTR-MIRU da-
tabases for matching strains, the degree of rigor and
date ranges were determined by the jurisdictions
themselves. The request for interjurisdictional WGS
data from the national CDGN database was limited by
the degree of completeness and date range of the
banked sequences.

In conclusion, our findings call for caution when
interpreting negative MPT64 test results in a patient
clinically suspected of having TB disease. A molecular
assay should always be used to confirm or exclude the
presence of MTB.42 This will minimise the risk of mis-
diagnosing MPT64 negative strains, with delayed or
inappropriate treatment supporting ongoing trans-
mission and ‘diagnostic selection”, as demonstrated by
rifampicin resistant strains in eSwatini missed by
XpertMTB/RIF and XpertUltra.43 Integration of routine
WGS into public health surveillance will aid early cluster
identification, highlight sub-lineages of concern and
where relevant, identify antimicrobial resistance.44 The
study also shows that MPT64 status may influence
transmission success and persistence within a popula-
tion, and highlights the potential benefits of routine
WGS and value of jurisdictional data sharing, as
encouraged by Australia’s National Tuberculosis Advi-
sory Committee (NTAC), for enhanced national trans-
mission surveillance45 and better targeted public health
responses.
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