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Retrospective analysis of multidrug-resistant tuberculosis case notifications in Australia (1999–2018) 
Hendrik S Camphor, Kerri Viney, Ben Polkinghorne, Kate Pennington 
Abstract 
This study describes the epidemiology and treatment outcomes of multidrug-resistant tuberculosis (MDR-TB) cases notified in Australia between 1999 and 2018, and investigates whether current data fields in the national tuberculosis (TB) dataset allow description and measurement of surveillance information pertaining to the diagnosis and clinical management of MDR-TB. In May 2019, de-identified demographic, clinical, laboratory, drug susceptibility, treatment, risk factor and outcome data for all MDR-TB case notifications were extracted from the Australian National Notifiable Disease Surveillance System. The dataset included ten treatment outcome categories, which were aggregated to four categorical outcomes for descriptive and inferential analyses. The majority of cases were overseas-born (91%). Absolute case numbers increased over time; however, the MDR-TB notification rate remained fairly stable during the study period. Treatment success was achieved in nearly two-thirds of cases (62.1%). Whilst timeframes between initial presentation, specimen collection, case notification and treatment commencement were calculated, current data fields in the national dataset precluded measurement and description of other parameters deemed important for MDR-TB surveillance. This study demonstrates that while Australia’s MDR-TB burden is low, cases will continue to occur until TB control improves in countries with which Australia shares cultural and migration links. Australia should continue to support national and regional TB control programmes to sustain progress towards national elimination of TB. This study’s findings support a review of data fields in the national TB dataset with potential expansion or adjustment to improve national data reporting, including the monitoring of evidence-based recommendations for the prevention and management of MDR-TB. 
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Introduction 
Multidrug-resistant tuberculosis (MDR-TB) is defined as tuberculosis (TB) resistant to at least rifampicin and isoniazid, the two most powerful first-line anti-TB drugs.1,2 Globally, 3.5% of new and 18% of previously-treated TB cases in 2017 were classified as MDR-TB. Three countries accounted for almost half of the world’s cases of rifampicin-resistant TB (RR-TB) or MDR-TB: India (24%), China (13%) and the Russian Federation (10%).3 Among MDR-TB cases in 2017, approximately 8.5% were estimated to have extensively drug-resistant TB (XDR-TB), a type of MDR-TB resistant to isoniazid, rifampicin, a fluoroquinolone and an injectable second-line drug.3,4 Proliferation of MDR-TB and XDR-TB threaten to derail progress towards achieving the goal of ending the global TB epidemic by 2030, as outlined in the World Health Organization’s (WHO) End TB Strategy.5,6 
Tuberculosis incidence rates in Australia are low by global standards, remaining around 5–6 cases per 100,000 per annum since the mid-1980s.7 However, further reductions in annual incidence rates (including MDR-TB) have been hampered by an increase in absolute case numbers associated with close geographic proximity to, and migration from high-burden countries in, the Asia-Pacific region.8 For example, MDR-TB is prevalent in Papua New Guinea (PNG), including the Western Province neighbouring Australia’s Torres Strait islands,4,9–11 with approximately 5% of PNG’s notified cases in 2017 classified as RR-TB or MDR-TB.3 
Treatment regimens for MDR-TB and XDR-TB are prolonged, expensive, and are associated with poorer treatment outcomes compared to drug-susceptible TB.2–4 Optimising the care and prevention of MDR-TB therefore requires a thorough understanding of the epidemiology and treatment outcomes in the national context. Previous studies have reviewed the epidemiology of MDR-TB in Australia at state and territory levels12–16 and nationally, up to 2012.2,17 Against the backdrop of the renewed global commitment towards ending the TB epidemic by 2030,5,6,18 and eliminating TB in low-incidence countries such as Australia,19 this study provides an updated description of the epidemiology and treatment outcomes of MDR-TB cases notified in Australia from 1999 to 2018, and examines whether previously-identified trends of MDR-TB have continued. 
Australia has committed to annually providing national TB data to WHO to fulfil international data reporting requirements to monitor global TB control efforts.20 Therefore, a secondary objective of this study was to investigate whether current data fields in the national core and enhanced TB dataset of the Australian National Notifiable Disease Surveillance System (NNDSS) allow for description and measurement of surveillance information pertaining to the diagnosis and clinical management of MDR-TB. This includes timeframes between: initial presentation and case notification received; case notification and laboratory confirmation of MDR-TB based on phenotypic drug susceptibility testing (DST) or molecular diagnostics; specimen collection and treatment commencement; and case notification and treatment commencement. Other parameters of interest are distinction between primary acquisitions of a resistant strain versus development of drug resistance during TB treatment; the duration and type of treatment regimens initiated; and changes in treatment regimens over time. 
Methods 
In May 2019, de-identified demographic, clinical, laboratory, drug susceptibility, treatment, risk factor and outcome data for all TB case notifications in the core and enhanced TB dataset were extracted from the NNDSS. All MDR-TB cases with a notification received date between 1 January 1999 and 31 December 2018 were included in the analysis. The NNDSS dataset classified ten treatment outcome categories: cured; completed treatment; still under treatment; interrupted treatment; lost to follow-up; case transferred overseas; treatment failure; died of TB; died of another cause; or unknown. For descriptive analyses, these treatment outcomes were then aggregated to four categorical outcomes (treatment success, no treatment success, treatment outcome unknown, or still under treatment). A binary categorical outcome (treatment success or no treatment success) was used for inferential analyses, with remaining treatment outcomes excluded (Figure 1). Cases were classified by treatment outcome and demographic, clinical (pulmonary or extra-pulmonary TB, as per WHO definitions),21 laboratory, treatment, drug resistance profile and risk factors for TB acquisition. Where feasible, timeframes pertaining to diagnosis and clinical management were calculated. Data cleaning and statistical analysis were performed in StataTM version 13.22 Categorical data were compared using Fisher’s exact test, and continuous variables were compared using the Mann-Whitney U-test, with two-tailed p values < 0.05 considered statistically significant. For univariable analysis we calculated odds ratios (OR) and 95% confidence intervals (CIs) to identify possible associations between treatment success and demographic, clinical, treatment, drug resistance and risk factors for TB acquisition. Multivariable analysis employed stepwise logistic regression, with treatment success as the dependent variable, and exposure variables with a p value < 0.25 on univariable analysis included as independent variables, and excluded from the multivariable models in a backwards step-wise fashion. The study protocol was approved by the Science and Medical Delegated Ethics Review Committee of the Australian National University (Protocol number: 2019/217).
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Figure 1: Reclassification of treatment outcomes for multidrug-resistant tuberculosis case notifications in Australia, 1999–2018
[image: This is a flowchart depicting the reclassification of treatment outcomes for multidrug-resistant tuberculosis (MDR-TB) case notifications in the Australian national TB dataset. There were 375 MDR-TB case notifications in the dataset between 1999 and 2018, classified into ten treatment outcome categories: cured; completed treatment; still under treatment; interrupted treatment; lost to follow-up; case transferred overseas; treatment failure; died of TB; died of another cause; or unknown. For descriptive analyses, these treatment outcomes were then aggregated to four categorical outcomes (including all 375 cases), namely: treatment success (a composite of cured and completed treatment) (sub-total: 233 cases); no treatment success (a composite of treatment failure and died of TB) (sub-total: 18 cases); still under treatment (sub-total: 40 cases); and treatment outcome unknown (a composite of interrupted treatment; lost to follow-up; case transferred overseas; died of another cause; and unknown) (sub-total: 84 cases). The aggregated outcomes of Treatment success and No treatment success were used for inferential analyses (total: 251 cases). ]
Results 
Descriptive epidemiology 
Between 1999 and 2018, there were 375 MDR-TB case notifications, representing 1.5% of all nationally notified TB cases (n = 24,443) in Australia. MDR-TB cases represented the majority (n = 375/430; 87%) of all notifications reporting rifampicin resistance. Of these, seven cases were classified as XDR-TB (1.9% of MDR-TB, and 0.03% of all TB case notifications, respectively). Annual MDR-TB case numbers increased over the study period, with a median of 21 cases notified per year across Australia (range: 5–31). The median annual incidence rate was 0.09 MDR-TB cases per 100,000 population per year (range: 0.03–0.14), compared to 5.7 cases per 100,000 population per year for all TB case notifications (range: 5.0–6.2) (Figure 2). The majority of cases (n = 290;77.3%), were classified as new, i.e. never treated or treated for less than one month, whereas 14.1% (n = 53) were relapsed cases who received full or partial treatment overseas, followed by relapsed cases following full treatment in Australia (n = 14; 3.7%).

Figure 2: Multidrug-resistant tuberculosis case notifications in Australia, by country of birth (1999–2018), and notification rate per 100,000 population of all tuberculosis and multidrug-resistant tuberculosis cases
[image: This is a histogram depicting multidrug-resistant case notifications in Australia, by country of birth (1999–2018), and notification rate per 100,000 population of all tuberculosis and multidrug-resistant tuberculosis cases. Annual MDR-TB case numbers increased over the study period, with a median of 21 cases notified per year across Australia (range: 5–31). The median annual incidence rate was 0.09 MDR-TB cases per 100,000 population per year (range: 0.03–0.14), compared to 5.7 cases per 100,000 population per year for all TB case notifications (range: 5.0–6.2). The five most commonly reported countries of birth were PNG (n = 75, 20%), India (n = 51, 13.6%), Vietnam (n = 48, 12.8%), the People’s Republic of China (n = 33, 8.8%), and the Philippines (n = 24, 6.4%).]
All states and territories reported MDR-TB case notifications. The median age at the time of notification was 31 years (range: 0–84 years). The majority of cases were overseas-born (n = 341; 90.9%). Of the Australian-born cases, 7/34 (20.6%) identified as Aboriginal and/or Torres Strait Islander. The five most commonly reported countries of birth were PNG (n = 75; 20.0%), India (n = 51; 13.6%), Vietnam (n = 48; 12.8%), China (n = 33; 8.8%), and the Philippines (n = 24; 6.4%) (Figure 2). 
The majority of cases (n = 352; 93.9%) had the date of initial presentation (first health contact for TB-like symptoms, or asymptomatic screening) recorded. The majority of cases were diagnosed after presenting with symptomatic illness (n = 194; 51.7%), followed by asymptomatic screening activities (n = 45; 12.0%). Sputum smear microscopy was reported positive in 40.8% of all cases (n = 153). As for clinical presentation, the majority of cases were diagnosed with pulmonary TB (PTB) (n = 305; 81.3%). Of those with extra-pulmonary TB (EPTB), the most commonly reported forms were tuberculous lymphadenitis (n = 47/70; 67.1%) and pleural TB (n = 9/70; 12.9%). Of the five most commonly reported countries of birth, the highest proportion of pulmonary-only MDR-TB was reported for China (81.8%), the Philippines (79.2%) and Vietnam (72.9%); the highest proportion of extra-pulmonary-only MDR-TB was reported for India (47.1%) and Vietnam (22.9%); and the highest proportion of pulmonary and extra-pulmonary MDR-TB co-infections was reported for PNG (37.3%) and India (11.8%). 
Only 2.7% of cases (n = 10) were human immunodeficiency virus (HIV) positive; however, HIV status was unknown for 33.6% of cases (n = 126). Of cases with unknown HIV status, 52/126 (41.3%) were tested for HIV, but with results remaining undisclosed, whereas 41/126 (32.5%) had an unknown HIV testing history, and 33/126 (26.2%) were not tested or refused testing. 
A summary of MDR-TB case notifications by treatment outcomes as per the national TB dataset is provided (Table 1), as well as by selected demographic, clinical, laboratory, TB treatment, drug resistance profile and risk factors for TB acquisition (Table 2).
Table 1: Multidrug-resistant tuberculosis case notifications in Australia (1999–2018), categorised by treatment outcome, as at May 2019
	Treatment outcome in the Australian national TB dataset
	Number (n)
	Percentage (%)
	Aggregated treatment outcome

	Completed treatment
	209
	55.7
	Treatment success

	Cured
	24
	6.4
	

	Sub-total
	233
	62.1
	

	Died of TB
	17
	4.6
	No treatment success

	Treatment failure
	1
	0.3
	

	Sub-total
	18
	4.9
	

	Case transferred overseas
	56
	14.9
	Treatment outcome
unknown

	Lost to follow-up
	15
	4.0
	

	Unknown
	7
	1.9
	

	Died of another cause
	4
	1.1
	

	Interrupted treatment
	2
	0.5
	

	Sub-total
	84
	22.3
	

	Still under treatment
	40
	10.7
	Still under treatment

	Sub-total
	40
	10.7
	

	Total
	375
	100
	


Table 2: Multidrug-resistant tuberculosis case notifications in Australia (1999–2018) by selected demographic, clinical, laboratory, drug resistance profile characteristics and risk factors for tuberculosis acquisition
	Characteristic
	Total (n = 375)

	
	Number (n)
	Percentage (%)

	Demographic

	Sex

	Male
	184
	49.1

	Female
	191
	50.9

	Age group (years)

	Under 5
	8
	2.1

	5–14
	6
	1.6

	15–29
	165
	44.0

	30–49
	146
	38.9

	50–64
	34
	9.1

	65 and over
	16
	4.3

	Indigenous status

	Indigenous
	7
	1.9

	Non-indigenous
	367
	97.9

	Unknown
	1
	0.2

	Country of birth

	Australia
	34
	9.1

	Papua New Guinea
	75
	20.0

	Other
	266
	70.9

	Notifying jurisdiction

	Australian Capital Territory
	5
	1.3

	New South Wales
	117
	31.2

	Northern Territory
	6
	1.6

	Queensland
	115
	30.7

	South Australia
	17
	4.5

	Tasmania
	3
	0.8

	Victoria
	91
	24.3

	Western Australia
	21
	5.6

	Clinical

	Diagnostic site

	Pulmonary TB
	305
	81.3

	Extra-pulmonary TB
	70
	18.7

	HIV status

	HIV-positive
	10
	2.7

	HIV-negative
	239
	63.7

	Unknown
	126
	33.6

	Laboratory

	Acid-fast bacillus positive on sputum microscopy

	Positive
	153
	40.8

	Negative
	113
	30.1

	Unknown
	109
	29.1

	TB treatment

	Previous TB treatment

	Yes
	73
	19.5

	No
	290
	77.3

	Unknown
	12
	3.2

	Treatment with one or more fluoroquinolones

	Yes
	272
	72.5

	No
	103
	27.5

	Treatment with one or more second-line injectable agents

	Yes
	270
	72.0

	No
	105
	28.0

	Combination therapy (fluoroquinolones and second-line injectable agent)

	Yes
	228
	60.8

	No
	147
	39.2

	TB drug resistance profile

	Resistant to one or more fluoroquinolones

	Yes
	22
	5.9

	No
	353
	94.1

	XDR-TB

	Yes
	7
	1.8

	No
	368
	98.1

	Selected risk factors for TB acquisition

	TB high risk country: past travel or residence (not country of birth)

	Yes
	245
	65.3

	No
	130
	34.7

	Close contact/household contact with a TB case

	Yes
	46
	12.3

	No
	329
	87.7

	Health industry employment

	Yes
	32
	8.5

	No
	343
	91.5


Pertaining to the diagnosis and clinical management of MDR-TB, timeframes between initial presentation and notification received date, specimen collection and treatment commencement, and case notification and treatment commencement were calculated (Table 3). Current data fields precluded determination of other parameters outlined in the study objectives.

Table 3: Timeframe between initial presentation and case notification received date, specimen collection and treatment commencement, and case notification and treatment commencement, by selected immigration status at the time of diagnosis, in multidrug-resistant tuberculosis case notifications in Australia (1999–2018)
	Immigration status
	Timeframe (days)

	
	Median (interquartile range)

	Initial presentation to case notification received

	Australian-born
	21 (3–114)

	Permanent resident
	37 (10–92)

	TSPZ residentsa
	66 (25–123)

	Overseas student
	30 (10–92)

	Visitor
	37 (16–67)

	Other (undefined)
	36 (16–51)

	Specimen collection to treatment commencement

	Australian-born
	5 (2–10)

	Permanent resident
	16 (2–42)

	TSPZ residentsa
	10 (0–43)

	Overseas student
	14 (3–26)

	Visitor
	14 (2–31)

	Other (undefined)
	25 (4–42)

	Case notification to treatment commencementb

	Australian-born
	1 (-1–11)

	Permanent resident
	1 (-1–10)

	TSPZ residentsa
	1 (-9–36)

	Overseas student
	1 (0–6)

	Visitor
	0 (-2–8)

	Other (undefined)
	0 (-6–8)


a	Residents of the Torres Strait Protected Zone (TSPZ) accessing TB treatment in Queensland.
b	Negative timeframes observed between case notification and treatment commencement likely reflect delays between treatment commencement and notification to health authorities.
Tuberculosis drugs received were recorded for the majority of cases (n = 355; 94.7%). Antimicrobial susceptibility profiles were recorded for all cases; the median number of TB drugs against which resistance was reported was four (range: 2–10). Isoniazid and rifampicin excluded, resistance was most commonly reported against streptomycin (n = 233; 62.1%), followed by ethionamide or prothionamide (n = 161; 42.9%) and rifabutin (n = 150; 40.0%). Only one case (0.27%) did not receive treatment and was transferred overseas. The majority of cases had a treatment commencement date recorded (n = 345; 92.0%); of those without a treatment commencement date, nearly half (14/30; 46.7%) were transferred overseas. 
The most frequent risk factors for TB acquisition were: past travel to or residence in a TB high-risk country (defined by the Australian Government as countries with 60 or more incident cases per 100,000 population per annum) for a cumulative period of at least 3 months (other than the individual’s country of birth) (n = 245; 65.3%); close contact with, or being a household member of a confirmed TB case (n = 46; 12.3%); and previous or current employment in the health industry (including laboratories) overseas or in Australia (n = 32; 8.5%). Of Australian-born cases, 47% (16/34) had previous travel to or residence in a TB high-risk country. 
Treatment outcomes in the largest cohort of overseas-born cases (PNG nationals) were further investigated. Treatment success was achieved in 20/75 cases (26.7%), whereas 29/75 (38.7%) had their treatment transferred overseas; 13/75 (17.3%) died due to TB; 9/75 (12.0%) were lost to follow-up; and 4/75 (5.3%) were still under treatment when the outcome was recorded. Queensland notified the majority of PNG-born cases (n = 74; 98.5%); of these, 69/74 (92.2%) were cross-border cases (i.e. PNG-born residents of the Torres Strait Protected Zone (TSPZ) accessing TB treatment in Queensland), and 58/74 (78.4%) were classified as new cases. The majority of deaths attributed to MDR-TB in the national dataset occurred in PNG-born cross-border cases (11/17; 64.7%). 
Analytical epidemiology 
[bookmark: _GoBack]Comparison groups were defined as cases with treatment success (n = 233), and cases with no treatment success (n = 18) (Figure 1). On univariable analysis, there was a statistically significant association between treatment success and case notifications from NSW, and receiving treatment with a fluoroquinolone, or a second-line injectable agent, as well as having received a combination of both. There was a statistically significant association between no treatment success and case notifications from Queensland, having PNG as country of birth, having pulmonary TB and having XDR-TB (Table 4). After adjusting for other factors, only case notifications from Queensland and XDR-TB cases remained associated with no treatment success, whereas treatment with fluoroquinolones remained significantly associated with treatment success (Table 5).
Table 4: Factors associated with treatment success on univariable analyses
	Variables included
	Treatment outcome (n = 251)

	
	Univariable analysis

	
	Crude OR (95% CI)
	p value

	Demographic

	Male sex
	1.8 (0.66–5.01)
	0.247

	Age group (years): 30–49
	2.45 (0.78–7.68)
	0.123

	Indigenous
	0.15 (0.13–1.7)
	0.125

	Country of birth: PNG
	0.03 (0.01–0.11)
	< 0.001a

	Notifying jurisdiction: Qld
	0.04 (0.012–0.159)
	< 0.001a

	Notifying jurisdiction: NSW
	10.7 (1.4–81.79)
	0.022a

	Clinical

	Pulmonary TBb
	0.14 (0–0.89)
	0.034a

	HIV-positive
	0.18 (0.03–1.08)
	0.061

	TB treatment

	Previous TB treatment
	0.89 (0.28–2.86)
	0.858

	Fluoroquinolone treatment
	3.85 (1.45–10.24)
	0.007a

	Second-line injectable treatment
	5.37 (2–14.39)
	0.001a

	Combination therapy (Fluoroquinolones and second-line injectable agents)
	3.66 (1.36–9.83)
	0.010a

	TB drug resistance profile

	Fluoroquinolone resistance
	0.63 (0.17–2.32)
	0.458

	Second-line injectable resistance
	0.63 (0.13–2.97)
	0.559

	XDR-TB
	0.13 (0.02–0.82)
	0.029a

	Selected risk factors for TB acquisition

	TB high risk country: past travel or residence
	1.04 (0.36–3.03)
	0.946

	Close/household contact with TB case
	0.38 (0.12–1.26)
	0.115

	Health industry employment
	1.68 (0.21–13.29)
	0.620


a	Statistically significant at α = 0.05.
b	Odds ratio, confidence interval and p value calculated using exact logistic regression.
Table 5: Factors associated with treatment success on multivariable analyses
	Variables included
	Treatment outcome (n = 251)

	
	Multivariable analysis

	
	Adjusted OR (95% CI)
	p value

	Demographic

	Notifying jurisdiction: Qld
	0.06 (0.01–0.48)
	0.009a

	TB treatment

	Fluoroquinolone treatment
	7.02 (1.77–27.86)
	0.006a

	TB drug resistance profile

	XDR-TB
	0.06 (0.01–0.63)
	0.020a


a	Statistically significant at α = 0.05.
 Box 1: Summary of data fields for proposed addition to the national TB dataset
· Date of laboratory confirmation of resistance, per drug
· Drug resistance detection method (DST or molecular diagnostics)
· Treatment start date, per drug
· Treatment end date, per drug
· Treatment completion date
· Treatment failure date
· Date of cure
· Date of death


Discussion 
As a high income country with advanced health system core capacities, Australia has achieved excellent TB control in recent decades, and maintains one of the lowest TB incidence rates in the world.3,7,19 Similarly, MDR-TB notifications are low by international standards, consistently remaining under 2% of the total TB caseload per annum.7 However, Australia’s large migrant intake from high-burden countries in Asia means that despite pre-migration health screening, cases of imported MDR-TB will continue to occur until TB control improves globally.2,7 This trend is reflected in Australia’s increasing case numbers, despite the MDR-TB notification rate remaining fairly stable over the 20 year study period. Treatment success (defined as a composite of cases where treatment was either curative or completed)21 was achieved in nearly two-thirds of cases (62.1%), which is higher than the global average of successful MDR-TB treatment outcomes (55%).3 
Although the proportion of Australian-born cases has increased over time, the majority of MDR-TB cases still originate from high-burden countries in the Asia-Pacific region, in line with previously described trends.2,4,7 Amongst overseas-born cases, it is noteworthy that the highest proportion (20%) were born in Australia’s nearest geographical neighbour (PNG). Queensland notified the majority of PNG-born cases; of these, cross-border cases contributed the largest proportion of all deaths attributed to MDR-TB during the study period (11/17; 64.7%). The poorer treatment outcomes in PNG-born case notifications from Queensland observed in this study are likely attributable to the unique and complex cross-border challenges to TB control in the TSPZ, which have been previously described,16,24 and in PNG’s Western Province more broadly.10,25 The transfer of cross-border TB case management from Queensland’s TB control program to PNG health authorities in 2011–2012 is reflected in a decreased reported incidence of MDR-TB case notifications in Queensland in 2013–2014.16,26,27 
Categorised by country of birth, observed differences in the proportions of pulmonary and extra-pulmonary TB in Australian MDR-TB cases are worthy of further research. It may be that the manifestation of active TB disease is influenced by risk factors for infection or disease development that may differ between geographic regions and populations, as has been suggested in previous studies.28–31 Such differences may influence considerations around pre-migration screening, diagnosis and clinical management of cases from TB high-burden countries from which Australia accepts a large migrant intake. 
The proportion of HIV-positive MDR-TB cases (2.7%) was consistent with results from previous studies.2,32 However, a third of all MDR-TB cases (n = 126; 33.6%) had an unknown HIV status recorded in the NNDSS, including cases from Victoria (n = 39) and NSW (n = 13), where test results remained undisclosed due to jurisdictional legislation or policies in effect at the time.7 The true proportion of HIV-positive MDR-TB cases may therefore be under-reported in the national TB dataset. Although policy changes from 2015 onwards mean that all Australian jurisdictions may now report HIV status with TB notifications,7 missing data from earlier years could have biased results towards finding no significant association between HIV status and treatment success.32 
Consolidated, evidence-based policy recommendations for the management of drug-resistant TB were published in 2019.33 Optimising the care and prevention of MDR-TB requires detailed data on treatment regimens used in the national context. Although this information is available to jurisdictional health authorities, the study identified several limitations in the national TB dataset which preclude measurement and description of relevant information pertaining to the diagnosis and clinical management of MDR-TB. The lack of a data field for laboratory confirmation date means that it is not currently possible to calculate timeframes between identification of MDR-TB (based on drug susceptibility testing or molecular diagnostics) relative to initial presentation, or case notification received. The majority of MDR-TB cases (77.3%) were classified as new, which suggests that infection was acquired through primary transmission of a resistant strain, as opposed to selection for resistance during TB treatment. This is consistent with findings from modelling studies in high-burden settings34 and previous reviews of MDR-TB in Australia.2 A previous Queensland study found that 26% of isolates from the TSPZ were defined as MDR-TB.10 The high prevalence and local transmission of MDR-TB in PNG’s Western Province9 bordering the Torres Strait islands is likely relevant, considering the high proportion of PNG-born cases in the Australian national TB dataset. 
The majority of cases had TB medications received (94.7%) and treatment commencement date recorded (92%). The inferential analyses showed that the odds of treatment success were higher in cases treated with one or more second-line drugs, including a fluoroquinolone (in line with current WHO recommendations).33 However, the lack of a data field for treatment completion date or date of cure, and dates for when drugs are initiated or discontinued, means that the duration or changes in treatment regimens for individual cases over time are not captured in the national TB dataset, and it is not possible to determine the number of cases undergoing treatment at any one point in time. This complicates monitoring of compliance with evidence-based recommendations from WHO, including new treatment regimens.33 Similarly, 17/18 (94.4%) cases classified as having not had treatment success died from TB. The lack of a date of death field precludes determination of the duration of treatment, and identification of cases presenting late in the disease process and for whom treatment is initiated shortly prior to death, or not initiated at all. Considering that the majority (87%) of notifications reporting rifampicin resistance in Australia were MDR-TB cases, these findings may also be considered broadly applicable to RR-TB. 
The national TB dataset only includes microbiologically confirmed multidrug-resistant cases. Furthermore, the NNDSS excludes cases initially diagnosed and notified abroad, but subsequently managed in Australia. Pre-migration screening targets active TB in immigrants from high-burden countries, meaning MDR-TB cases who are latently infected during screening or acquire their infection through other pathways (e.g. community transmission) may not be detected and notified.34 The national TB dataset may therefore potentially underestimate the true burden of MDR-TB in Australia. Collinearity between TB treatments and resistance profiles as independent variables was somewhat mitigated by the backward stepwise approach to multivariable regression analysis. Other limitations include variable data quality and completeness in the NNDSS, including due to differences in historical data collection or provision by jurisdictions, and legislation or policy changes over time. Data captured in the NNDSS are dynamic in nature; therefore, the presented data represent a point-in-time analysis of MDR-TB case notifications, and may differ from jurisdictional reports covering the same period.7 In addition, the large number of treatment outcomes (n = 10) captured in the dataset meant that case outcomes grouped as ‘treatment outcome unknown’ were too diverse to include in detailed descriptive or inferential analyses. 
Conclusion 
While Australia’s MDR-TB burden is comparatively low, cases will continue to occur until TB control improves in countries with which Australia shares strong cultural and migration links. It is therefore imperative that Australia continues to contribute to strengthening regional TB control programmes. Continued vigilance is also required to sustain and further improve Australia’s TB control as the drive towards elimination in low-incidence countries gathers pace. This study’s findings support a review of data fields in the national TB dataset with potential expansion or adjustment to improve national data reporting, including the monitoring of evidence-based recommendations for the prevention and management of MDR-TB. 
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