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[bookmark: _Toc224556683]Background
Tuberculosis (TB) is a global public health problem, and community outbreaks occur. We report an outbreak of TB with an unusual MPT64 negative status, first detected in North Queensland, Australia, in 2017–2018. 
[bookmark: _Toc224556684]Methods
A retrospective epidemiological and laboratory investigation into potentially linked cases was undertaken. Whole genome sequencing (WGS) phylogenetic and cluster analysis was performed. A confirmed outbreak case was defined as genomically closely related and a probable case as epidemiologically linked to a confirmed case, in the absence of WGS. Demographic characteristics and risk factors of outbreak cases were compared to other Australian-born cases in Queensland using univariate analysis. The aim of this study was to describe the outbreak, identify any associated risk factors and compare the epidemiological and genomic links between cases. 
[bookmark: _Toc224556685]Results
Between 2002–2023, a total of 47 outbreak cases were identified: 44 (94%) were genomically linked and three (6%) were epidemiologically linked. Cases were all adults; 29 (64%) were male; 40 (89%) had pulmonary TB, of whom 30 (75%) were sputum smear positive. Compared to other Australian born cases, outbreak cases were more likely to be aged 25–44 years; to be Aboriginal and Torres Strait Islander peoples (First Nations peoples); to be residents of Central and Northern Queensland; and to experience a less successful TB treatment outcome (p < 0.05). Homelessness, previous incarceration, and substance use were significantly associated with being an outbreak case (p < 0.01). WGS analysis provided links for ten cases (24%) where no epidemiological links were identified.
[bookmark: _Toc224556686]Conclusion
Ongoing local transmission of a unique TB strain has persisted in Queensland’s First Nations communities and presents an opportunity to reconfigure TB prevention and care efforts in partnership with local communities. This study demonstrates the importance of integrating genomic data with traditional case investigation and contact tracing information, enhancing public health surveillance and targeted interventions to optimise TB management in high-risk populations.
Keywords: tuberculosis; outbreak; MPT64 negative TB strain; whole genome sequencing
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Tuberculosis (TB) remains a major public health problem, with a global incidence rate in 2023 of 134 cases per 100,000 population per year and in excess of a million TB deaths reported.1 Australia is a low TB burden country, sustaining a notification rate of 5–7 cases per 100 000 population per year for the last three decades.2 Most of the TB burden is within the overseas-born population and there are TB elimination targets in place to progress towards zero TB transmission in Australia.2,3 Queensland has one of the lowest notification rates of TB in Australia, although it shares a similar challenge in achieving equality in TB burden among all Queenslanders.2,4 Of TB notifications in Australian-born Queenslanders, a third are in Aboriginal and Torres Strait Islander (First Nations) peoples who currently comprise less than 5% of the state’s population.5,6 
According to an assessment of the TB burden in vulnerable populations, Indigenous peoples worldwide have a higher prevalence of TB which can vary due to geographical, cultural, sociopolitical, and biomedical reasons.7 Similar to global findings, Australia experiences higher rates of TB in First Nations peoples and has renewed focus on reducing the disparity in TB incidence between Australia’s First Nations peoples and other Australians.3
In Australia, whole genome sequencing (WGS) is increasingly being used to determine drug susceptibility, to identify clustering, and to inform local transmission patterns when combined with epidemiological information.8,9 However, few reported outbreaks of TB have been clearly defined using WGS and epidemiological methods. An extensive WGS analysis of TB in the Northern Territory showed that, although the number of clusters decreased overtime, several were longstanding, more likely to involve First Nations peoples and to occur in remote areas.8 
In Queensland, WGS has previously been used to provide evidence of cross-border importation of multi-drug resistant TB (MDR-TB) from Papua New Guinea across the Torres Strait.10 The routine use of WGS in Queensland had not yet been established when the identification of three epidemiologically linked patients was notified during late 2017; a distinguishing feature shared by these patients was that their strain of Mycobacterium tuberculosis had tested negative to the MPT64 antigen test which is usually positive when TB is diagnosed.11 This prompted an epidemiological investigation of potentially linked cases and the use of WGS to determine the genomic links between cases. In this study, we aim to describe the ongoing outbreak, to identify any associated risk factors, and to assess epidemiological and genomic links among the cases. 
[bookmark: _Toc195530502][bookmark: _Toc224556688]Methods
In Queensland, TB services are provided free of charge and are delivered by six regional and one metropolitan TB unit to cover the expansive geographical area. These TB units are responsible for management of active cases, contact management, collection of clinical and epidemiological information, and the initiation of local public health initiatives for TB control. 
Data were extracted from the Notifiable conditions register (NoCS) in Queensland where, under the Public Health Act 2005, TB is notifiable by laboratories and diagnosing clinicians based on laboratory confirmation (of positive culture and nucleic acid test results) or clinical diagnosis. Surveillance data is added to NoCS by TB units based on nationally agreed definitions. For this investigation, TB units collected additional information from patients’ medical records on clinical presentation, TB risk factors and whether a likely source case had been identified. A likely source case was identified when there had been known contact with a person diagnosed with active TB, prior to the onset of symptoms in the outbreak case. Epidemiological links between cases were considered where local transmission was plausible based on geospatial and temporal association.12 This information, along with TB surveillance data from NoCS, was collated using a purposely designed data collection form in Microsoft Excel for historical cases. As prospective cases were identified, data was entered directly into the expanded data collection in NoCS. 
A confirmed outbreak case was defined as genomically closely related (≤ 5 single nucleotide polymorphism [SNP] difference) via WGS, consistent with national TB outbreak definitions.12 A probable outbreak case was epidemiologically linked to a confirmed case where WGS data was not available (either without laboratory confirmation or where the diagnostic isolate was not available to sequence). 
The national guidelines for TB case management and contact follow up were followed for all cases. Where assessment showed evidence of likely transmission in a particular setting such as a homeless shelter, extended contact screening and local community engagement was undertaken. TB nurses worked locally with First Nations health workers to engage with communities in the public health response. 
Descriptive analysis was undertaken in Microsoft Excel and Stata version 16. Treatment outcomes were categorised into treatment success, no treatment success, treatment outcome unknown or pending (when still under treatment).13 Comparison was made between outbreak cases and other Australian-born non-outbreak cases notified during the same period 2002–2023, using routinely collected TB data in NoCS. Demographic characteristics, disease presentation, risk factors and treatment outcome were compared using logistic regression or Wilcoxon rank sum (for diagnosis delay) and a p value less than 0.05 was considered significant. The comparison of risk factors and potential diagnosis delay was limited to 2018–2023 as the collection of data was consistent for both outbreak and comparison groups during this period. 
TB isolates were retrospectively compared using Variable number of tandem repeats-Mycobacterium interspersed repetitive unit (VNTR-MIRU), which was the typing method used by the Queensland Mycobacterial Reference Laboratory (QMRL) from 2001. A laboratory typing database (Bionumerics v6.7, Applied Maths, Belgium) identified historical isolates with VNTR-MIRU consistent with the outbreak strain.14 For those with consistent VNTR-MIRU, all retrievable isolates were tested for MPT64 antigen. Those testing MPT64 antigen negative underwent WGS. Any laboratory confirmed cases with the same typing profile were requested from other Australian jurisdictions. 
WGS phylogenetic and cluster analysis was performed by QMRL for all isolates.14 We compared the outcomes of known epidemiological links (confirmed and possible links as noted at the time of diagnosis and treatment) between cases with the WGS analysis. 
This investigation was in accordance with the Public Health Act 2005 in response to a notifiable condition in Queensland. In addition, low risk research ethics approval was granted by the Forensic and Scientific Services Human Ethics Committee, Queensland Health, for the use of WGS combined with epidemiological data, which was not routine at the time of the investigation. 
[bookmark: _Toc195530503][bookmark: _Toc224556689]Results
A total of 47 outbreak cases were identified from 1 January 2002 to 31 December 2023. Of these, 44 (94%) were confirmed cases linked by WGS and three (6%) were probable cases: two cases with clinical diagnoses and one laboratory confirmed diagnosis where the diagnostic isolate was no longer available to sequence. Two of the confirmed cases were notified in New South Wales with earlier visits to Queensland. The epidemiological analysis was performed on 45 Queensland cases where data were available. 
Case numbers ranged within 0–6 cases per year since 2002 (median 2 cases per year), with a peak in cases notified during 2012 corresponding to a previously known cluster of cases in Central and Northern Queensland regions (Figures 1 and 2). A secondary peak was also seen in 2019 following confirmation of the outbreak in 2018. The regional cities of Cairns and Townsville were the two areas of residence for nearly 60% of outbreak cases (26/45; Figure 2). 
Cases were all adults, aged between 18–68 years with a median age of 42 years. Sixty-four percent of cases (29/45) were male. Eighty-seven percent (39/45) were First Nations Queenslanders, including 87% (34/39) identifying as Aboriginal peoples, 10% (4/39) as Torres Strait Islander peoples and one person identifying as both an Aboriginal and Torres Strait Islander person. There were two cases born overseas; one was exposed to a confirmed outbreak case as a healthcare worker.
Most cases presented with symptoms consistent with TB (29/45; 64%), whereas 20% (9/45) had TB diagnosed incidentally when presenting for an unrelated illness, 11% (5/45) were identified through contact tracing and information was not known for 4% (2/45). 
Eighty-nine percent of cases (40/45) had pulmonary TB, including 13% (6/45) with extrapulmonary sites involved. Of those with pulmonary disease, 75% (30/40) were sputum smear positive. Eleven percent (5/45) had extrapulmonary disease only, affecting lymph nodes, pleura, abdomen, bone/joint and central nervous system. 
Figure 1: Tuberculosis outbreak cases by year of diagnosis and outbreak case definition, Queensland, 2002–2023
[image: Figure 1 – Graph of the number of confirmed and probable outbreak cases on y axis and year of diagnosis from 2002 to 2023 on x axis. It shows a peak of 6 cases in 2012 and 5 cases in 2019. There are 3 probable outbreak cases in 2004, 2012 and 2018. There are no cases in 2005, 2010 and 2021. ]
Figure 2: Outbreak cases by Local Government Area of residence at the time of diagnosis,a Queensland, 2002–2023
[image: Figure 2 – A map of Queensland broken into local government areas that shows the location of residence of outbreak cases by circles of different sizes. Areas with one case is small circle and largest circle is for 10 or more cases. The areas with 10 or more cases are in Cairns and Townsville. ]
a	Circles are placed in the centre of the relevant local government area; they do not represent the precise location of cases.
Of the 45 Queensland cases, 84% (38/45) completed a recommended course of TB treatment; 11% of cases (5/45) died, with four of these dying of TB and one of another cause. Four percent of cases (2/45) were lost to follow up and did not complete treatment. There were no outbreak cases with TB-HIV co-infection, and all were susceptible to first-line TB drugs. 
A measure of possible patient delay (days from symptom onset to presentation for medical assessment) was the same for outbreak cases (median: 8 days; interquartile range [IQR]: 3–16 days) and the comparison group (median: 8 days; IQR: 1–20 days) during 2018–2023. A measure of health system delay (days from presentation to diagnosis) during the same time period was shorter for outbreak cases (median: 3.5 days; IQR: 3–10 days) than for the comparison group (median: 10 days; IQR: 4.5–17 days). 
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Compared to Australian-born cases notified with TB during 2002–2023, outbreak cases were more likely to be aged 25–44 years; to be First Nations peoples; to be residents of central, north, and far north Queensland compared to southeast Queensland; and to have a less successful outcome of their TB treatment than other Australian-born cases (Table 1). 
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Table 1: Characteristics of tuberculosis (TB) outbreak cases and comparison group, Queensland, 2002–2023
	Characteristic
	Variable
	Outbreak cases
(N = 45)
	Australian-born non outbreak cases
(N = 535)
	p value

	
	
	Number
	Percentage
	Number
	Percentage
	

	Sex
	Male
	29
	64
	337
	63
	0.85

	
	Female
	16
	36
	198
	37
	reference

	Age group
	0–24 years
	4
	9
	73
	14
	reference

	
	25–44 years
	22
	49
	125
	23
	0.04

	
	45–64 years
	18
	40
	191
	36
	0.34

	
	65+ years
	1
	2
	146
	27
	0.06

	First Nations status
	First Nations peoples
	39
	87
	172
	32
	< 0.01

	
	Other Queenslanders
	6
	13
	363
	68
	reference

	Queensland geographical regiona
	Torres & Cape and Cairns 
	22
	49
	128
	24
	< 0.01

	
	Townsville and North West Queensland
	16
	36
	69
	13
	< 0.01

	
	Mackay, Central and South West Queensland
	5
	11
	43
	8
	< 0.01

	
	South East Queensland
	2
	4
	294
	55
	reference

	
	Overseas resident
	0
	0
	1
	0
	—

	TB site of disease
	Pulmonary involvement 
	40
	89
	410
	77
	0.15

	
	Extrapulmonary TB only 
	5
	11
	103
	19
	reference

	
	Unknown
	0
	0
	22
	4
	—

	Bacteriological status (pulmonary TB)
	Acid-fast bacilli (AFB) smear positive 
	30
	75
	192
	50
	0.29

	
	AFB smear negative 
	8
	20
	147
	38
	reference

	
	Unknown
	2
	5
	46
	12
	—

	Treatment outcome
	Successful (cured; completed treatment)
	38
	84
	452
	84
	reference

	
	Not successful (treatment failure; died of TB) 
	6
	13
	28
	5
	0.05

	
	Unknownb
	1
	2
	53
	10
	0.15

	
	Pending (still on treatment) 
	0
	0
	2
	0
	—


a	Geographical region is based on residential health service region.
b	Unknown outcomes: interrupted treatment; lost to follow up; transferred overseas; died from other cause; unknown.

Table 2: Tuberculosis (TB) risk factors in outbreak and comparison group, Queensland, 2018–2023
	Variable
	Outbreak cases (N = 15)
	Australian-born non outbreak cases (N = 119)
	p value

	
	Number
	Percentage
	Number
	Percentage
	

	Known close contact with TB
	12
	80
	33
	28
	0.001

	Lived or travelled in high TB incidence country
	1
	7
	39
	33
	0.068

	Ever experienced homelessness
	12
	80
	5
	4
	< 0.001

	Ever resided in a correctional centre
	3
	20
	3
	3
	0.009

	Excessive alcohol consumption
	14
	93
	8
	7
	< 0.001

	Non intravenous drug use
	10
	67
	9
	8
	< 0.001


The risk factors were compared during the time period where data collection was consistent for both groups: 2018–2023. The risk factors significantly associated with the outbreak included known close contact with TB; being homeless; being previously incarcerated; and excessive alcohol use or using non-injectable drugs (Table 2). The type of non-injectable drugs reported by outbreak cases was marijuana in the form of ‘bong-smoking’ where the drug is used via a shared water pipe, inhaled through the mouth.15 
Other details collected by TB clinics on epidemiological links included residence in homeless shelters and a small family cluster. There were no epidemiological links identified for nine cases, and only possible epidemiological links identified for a further six cases. For three cases, their TB infection was picked up postmortem; however, epidemiological links were identified posthumously for two of these cases. 
WGS results demonstrated the outbreak strain to be a globally unique sub-lineage 4.1.1.1 with limited genomic diversity demonstrated by 98% genomic clustering at 5 SNP threshold. As previously described,14 a molecular clock tree identified six plausible transmission pathways consisting of 3–14 cases per branch (Figure 3). Only three of the six branches demonstrated alignment between epidemiological and genomic links. Of the 42 Queensland cases that were sequenced, 98% (41/42) formed one genomic cluster at 5 SNP threshold, and 32 had epidemiological links identified with other outbreak cases (n = 26 confirmed epidemiological links, n = 6 possible epidemiological links), while 10 had no epidemiological links identified. However, two of these cases had a known epidemiological link to a family member who was not identified in the outbreak. The comparison of epidemiological links and genomic links indicate that 88% (28/32) of cases had epidemiological links confirmed by the genomic links; this confirmation improved to 100% (12/12) in the more recent period, 2018–2023 (Table 3). However, nearly a quarter of outbreak cases with genomic links (10/42) had no known or confirmed epidemiological links. Overall, WGS provided links between one third of cases (14/42) where an epidemiological link was not known; a small number of these had known epidemiological links to other cases which were not confirmed by WGS. 
Figure 3: Whole genome sequencing cluster analysis of outbreak cases, Queensland 2002–2023a
[image: Figure 3 – A diagram of genomic links between outbreak cases showing branches of likely transmission over time. There are 6 branches and on branches 3 and 4 are the most number of outbreak cases whose epidemiological link is on same branch as their genomic link. ]
a	Blue highlighting indicates where epidemiological and genomic links align within the numbered branches.
Table 3: Comparison of genomic and epidemiological links between cases for total and recent (2018–2023) outbreak cases, Queensland, 2002–2023
	Category
	Variable
	Location on WGSa cluster analysis
	Total

	
	
	Branch 1
	Branch 2
	Branch 3
	Branch 4
	Branch 5
	Branch 6
	Number
	Percentage

	Total confirmed outbreak cases (2002–2023)
	Number
	7
	5
	10
	13
	4
	3
	42
	—

	
	Number with epidemiological links and genomic links available
	2
	3
	10
	13
	2
	2
	32
	76

	
	Number with epidemiological links in same branch
	2
	0
	10
	12
	2
	2
	28 
	67

	Recent confirmed outbreak cases (2018–2023)
	Number
	1
	0
	8
	4
	1
	0
	14
	—

	
	Number with epidemiological links and genomic links available
	0
	0
	8
	4
	0
	0
	12 
	86

	
	Number with epidemiological links in same branch
	0
	0
	8
	4
	0
	0
	12 
	86


a	WGS: whole genome sequencing.
[bookmark: _Toc224556690][bookmark: _Toc195519590][bookmark: _Toc195522359]Discussion
This investigation confirms ongoing transmission of a unique TB strain over two decades in Queensland, predominately impacting First Nations peoples in Central and Northern Queensland. This outbreak is ongoing, and its prolonged nature may be enabled by a combination of both TB strain and individual characteristics. The outbreak strain is part of a lineage involved in previously reported TB outbreaks,9,16 but this outbreak is larger than any earlier reported in Australia. The mutation behind the MPT64 negative result may cause reduced immune response and may potentially add to sustained transmission.14 Although measured only in more recent cases, there was a shorter time from presentation to diagnosis for outbreak cases, which reduces the likelihood that health system delays played a role in presentations of advanced disease and related mortality seen in outbreak cases. It also raises the possibility that the MPT64 negative strain may be associated with more severe disease.
The risk profile of the outbreak cases indicates a lack of stable housing may contribute to transmission in communal and sometimes crowded settings such as homeless shelters. The findings for First Nations peoples in Queensland are consistent with global findings showing that social determinants of health remain important drivers of high TB burden.7 
Although previous reviews have found only weak evidence to associate cannabis use with TB disease,17 this outbreak supports an association between bong smoking and TB transmission with two-thirds of cases during 2018–2023 reporting bong smoking in addition to excessive alcohol use. 
It is notable that no children have been involved in this outbreak to date. Queensland has a policy of recommending and funding Bacillus Calmette–Guérin (BCG) vaccination to First Nations infants, consistent with accepted efficacy in preventing severe TB disease in this age group. Although it is difficult to estimate the degree of vaccine coverage in communities affected by this outbreak, this finding aligns with the current recommendations for BCG vaccine in Queensland.19 Other factors may be important in contributing to the lack of childhood cases within the outbreak, such as a lack of exposure to the specific risk behaviours associated with the outbreak. While under-diagnosis of TB in children is possible, previous studies from Queensland have highlighted the over-representation of First Nations children in notifications of paediatric TB, suggesting high clinician awareness of the condition.18 
This outbreak confirmed the benefit WGS added in identifying the extent and ongoing nature of the outbreak, in contrast to earlier typing methods. Additionally, WGS supported the identification of likely transmission pathways, particularly for historical cases. WGS results also indicated where more recent chains of transmission have occurred and can be used to inform the public health response.21 This highlights the importance of ongoing culturally appropriate communication to share information regarding settings for transmission where genomic linkage is close but epidemiological links are not initially apparent. 
The likelihood of missing cases is very high, as suggested by WGS analysis,14 and earlier outbreak cases with known exposure to family members with TB that were not able to be linked to the outbreak. While used as a diagnostic test elsewhere, the MPT64 antigen test in Queensland and Australia is supplemented by molecular methods; this has ensured these strains were not missed once laboratory testing was available. 

The limitations of this study include retrospective data collection on epidemiological links and risk factors. It is possible that links were missed for historical cases, either at the time of diagnosis or at the time of the outbreak investigation. This may explain why prospective collection of epidemiological links was better aligned to genomically supported transmission pathways. The collection of risk factor information in statewide and national datasets has also expanded over the duration of the outbreak, resulting in a shorter period to be analysed (2018–2023) with consistent data across both outbreak and comparison groups.
An increased incidence of TB in First Nations peoples in Far North Queensland has been identified since the 1990s.22,23 Although there is evidence that the proportion of TB in First Nations residents of Far North Queensland has reduced, probably as a result of changes in service areas,24 rates of TB remain the highest in these regions where the extent of this outbreak remained unidentified for a long time.5 The risk factors associated with this outbreak, such as homelessness and substance use, present local challenges, and exemplify the need for renewed efforts to address social determinants of health and to reconfigure TB prevention and care in Australia and enable a community-led approach.3,25–27
The outbreak also highlights that local transmission of TB remains an issue in Australia, although most TB disease burden is attributed to reactivation of latent TB infection in overseas-born cases.2 An important challenge remains to reduce local transmission and the disparity in incidence of TB between First Nations peoples and other Australian-born people, as we work towards the goal of zero transmission as a low incidence country.3,28
In conclusion, this outbreak presents some key challenges for TB management in Queensland and Australia. The ongoing nature of the outbreak presents an opportunity for health services to adapt and adopt First Nations community-led and empowered approaches29 to reduce TB transmission in Queensland. For TB elimination to progress, comprehensive surveillance that integrates case investigation data (and incorporates epidemiological links and contact tracing information) with whole genome sequencing will allow for more timely identification of transmission chains and management of persons at risk for infection. 
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