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Abstract

Background and objective: To describe the clinical
characteristics, risk factors, diagnostic modalities,
treatments, subsequent outcomes and complica-
tions of Multidrug-resistant tuberculosis (MDR-TB)
cases residing in the Northern Territory.

Methods: A retrospective case series was con-
ducted of all patients treated for MDR-TB in the
Northern Territory between 1 January 2004 and
31 December 2013. This is the first study to analyse
data relating to the subset of MDR-TB cases treated
in the Northern Territory. Cases were identified by
the Northern Territory Centre for Disease Control
(NT CDC): the public health unit responsible for
the management of tuberculosis in the Northern
Territory. Outcome measures included patient
demographics, diagnostics, HIV status, freatment
methods, outcomes, and complications.

Results and conclusions: Six MDR-TB cases were
treated in the Northern Territory; 5 of these were
notified by the NT CDC during the study period
(1.5% of all Northern Territory TB notifications). The
median age of all 6 patients was 31 years (range 21
to 50 years), sex distribution was equal and all were
born overseas. Country of birth in a World Health
Organization (WHO) high burden MDR-TB country
and previous treatment were most highly correlated
with a current diagnosis of MDR-TB. Access to
rapid drug susceptibility testing reduced the fime to
effective therapy from 45 to 27 days. Five patients
met criteria for the WHO outcome term ‘treatment
success. The median length of treatment for the
5 patients treated in Australia was 623 days (537 to
730 days). Side effects to therapy were common and
serious. The incidence of MDR-TB in the Northern
Territory is similar to other Australian states. Rapid
drug susceptibility testing reduces the time to effec-
tive therapy. Treatment regimens are complex, toxic
and have serious resource implications for health
care providers. Successful treatment outcomes are
possible with coordinated TB control programs.
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Introduction

Treatment of multidrug-resistant tuberculosis
(MDR-TB), defined as resistance to isoniazid and
rifampicin, is longer and requires more expensive
and more toxic drugs,' than fully susceptible
disease. Nearly 20 years after the World Health
Organization (WHO) declared TB a global health
emergency, major progress has been made towards
targets for diagnosis and treatment of TB."?
Advancement towards targets for MDR-T'B control
has been less successful.!

A review of the published literature shows the
incidence of MDR-TB notifications varies over
time and across Australian states. A 10-year
review of Victorian data found that MDR-TB
accounted for up to 2.2% of all TB notifications
between 1998 and 2007° Western Australian
MDR-TB notifications over a 15-year period to
2012 accounted for 1.2% of all TB cases.* Higher
rates of MDR-TB are reported from the Torres
Strait Protected Zone (TSPZ), with 26% of
isolates from the TSPZ defined as MDR-TB in
one Queensland study.’ Yearly reports from the
Australian Mycobacterium Reference Laboratory
Network between 1985 and 2013 show that the
proportion of isolates from patients with MDR-TB
has stayed within a band of 0.5 to 2.4% nationally,
excluding those from the TSPZ.%7

The WHO estimates that the cost of treating
MDR-TB is 100 times that of susceptible TB and
treatment success globally is attained in only 48%
of MDR-TB cases.” This has wide reaching reper-
cussions for public health planning and may have
important implications for hospitals treating even

a single case of MDR-TB.?

Here we describe the characteristics, risk factors,
diagnostics, treatments, subsequent outcomes and
complications of MDR-TB cases residing in the
Northern Territory, for all or part of their therapy
in the 10 years to 2013.

Methods
All patients treated for MDR-TB in the Northern

Territory between 1 January 2004 and 31 December
2013 were included in the study. Formal drug
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susceptibility testing demonstrating drug resist-
ance was undertaken at the Victorian Infectious
Diseases Reference Laboratory.

Data obtained from the Northern Territory
Notifiable Disease System (NTNDS) included:
patient demographic information; known previous
TB infection and anti-tuberculosis therapy; risk
factors for MDR-T'B including country of birth or
residence in a high MDR-TB burden country and
contact with an MDR-TB case; diagnostic infor-
mation including formal drug susceptibility testing
(DST) and molecular methods; HIV status; and
treatment methods, outcomes, and complications.
Descriptive statistical analysis for these data points
was undertaken using Microsoft Excel. Treatment
outcome was defined as successful in accordance
with WHO guidelines adopted from Laserson
et al (Table 1)’

The study received ethical approval from the
Human Research Ethics Committee, part of the
Menzies School of Health Research.

Results

Review of the NTNDS revealed 6 patients with
laboratory-confirmed MDR-TB who received
treatment in the Northern Territory during the
study period. Data included 1 individual previ-
ously notified in Victoria and subsequently treated
in the Northern Territory. The Northern Territory
Centre for Disease Control (NT CDC) notified
5 cases of MDR-TB, representing 1.5% (total of
343 TB notifications) of all cases notified over the
10-year period to 2013.

The median age of the 6 patients was 31 years with a
range of 21 to 50 years and sex distribution was equal
with 3 male and 3 female patients. All patients were
born overseas and all countries of origin were defined
as WHO high burden TB countries, as well as high
MDR-TB burden countries (Table 2).* Country of
origin was therefore the most highly associated risk
factor with a diagnosis of MDR-TB. The next most
common risk factor was previous diagnosis of TB +/-
exposure to treatment and this included 3 patients
with a laboratory-confirmed or suspected diagnosis
of TB in their past. Of these, 2 had documentation
of previous exposure to rifampicin and isoniazid as
part of an appropriate treatment regimen (Table 3).
Treatment adherence  documentation — varied.
However, 2 of the cases were suspected to have been
non-adherent with therapy. Only 1 case had resided in
a high MDR-TB country other than country of birth
and there were no exposures to known MDR-TB
cases. All of the cases identified as MDR-TB were
tested for human immunodeficiency virus (HIV)
and all were negative.

The period between arrival in Australia and
notification of TB was less than 2 years in 4 of the
patients. The remaining 2 patients were notified
at 10 and 19 years post arrival dates. Two of the
patients were permanent residents of Australia. Of
the remaining 4, 2 held working visas in Australia,
1 patient was seeking asylum and 1 individual was
an unauthorised fisherperson. Three of the cases
were identified after self-presentation with symp-
tomatic disease, 2 cases were identified as a part
of routine screening in detention, and 1 case was
identified as a result of a health care undertaking
required for an Australian visa.

Table 1: Treatment outcome definitions for multidrug-resistant tuberculosis patients

Treatment completed as recommended by the national policy without evidence of failure AND 3 or
Cure more consecutive cultures taken at least 30 days apart are negative after the intensive phase.

Treatment completed

intensive phase.

Treatment completed as recommended by the national policy without evidence of failure BUT
no record that 3 or more consecutive cultures taken at least 30 days apart are negative after the

drugs because of:

drugs; or

Treatment failed * adverse drug reactions.

Treatment terminated or need for permanent regimen change of at least 2 anti-tuberculosis

» lack of conversion by the end of the intensive phase; or
*  bacteriological reversion in the continuation phase after conversion to negative; or
» evidence of additional acquired resistance to fluoroquinolones or second-line injectable

h A patient who dies for any reason during the course of treatment.

Lost to follow-up A patient whose treatment was interrupted for 2 consecutive months or more.

A patient for whom no treatment outcome is assigned. (This includes cases “transferred out” to
Not evaluated another treatment unit and whose treatment outcome is unknown.)

The sum of Cured and Treatment completed.

*  World Health Organization guidelines adapted from Laserson 20052
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Table 2: Demographics of multidrug-resistant tuberculosis cases undergoing treatment in the
Northern Territory, 2004 to 2013

State or
Year of territory of
diagnosis notification
1 2004 NT Female
2 2006 NT Male
3 2009 NT Female
4 2010 NT Male
5 2010 Victoria Female
6 2012 NT Male

Country of
birth Visa status
36 South Africa Working visa
50 Indonesia lllegal fisherperson
33 Vietnam Permanent resident
26 Bulgaria Permanent resident
29 Burma Working visa
21 Afghanistan lllegal arrival

Table 3: Risk factors for multidrug-resistant tuberculosis cases, Northern Territory, 2004 to 2013

Previous Suspected non-

Country of diagnosis of adherence or

birth in a high- tuberculosis inappropriate

burden MDR-TB | +/- exposure to tuberculosis

country treatment therapy

1 Yes No No
2 Yes Yes Yes
3 Yes No No
4 Yes Yes* Yes
5 Yes Yes No
6 Yes No No

Residence
in areas of
high MDR-TB

prevalence

Exposure to a (other than

known MDR-TB country of

case birth) HIV status

No No Negative
No No Negative
No No Negative
No No Negative
No Yes Negative
No No Negative

*  Empiric treatment in Australia for possible fully susceptible tuberculosis as no culture/susceptibility testing was available.

Adapted from the World Health Organization 2008 guidelines

In addition to formal drug susceptibility testing
on all cases, nucleic acid amplification testing
(NAAT) was available for 2 of the patients and
identified the presence of Mycobacterium tubercu-
losis DNA and rpoB gene mutations, a surrogate
for rifampicin resistance, in both specimens. Both
patients were commenced on second line agents
at initiation of intensive phase therapy in the
context of suspected rifampicin resistance. The
median delay to effective treatment with second
line therapies for all patients was 47 days. Those
who underwent NAAT testing had a reduced
median delay to 29 days. The delay to effective
therapy was defined as the time from diagnostic
specimen collection to the commencement of a
second line treatment regimen. Four patients had
pulmonary tuberculosis only, 2 of whom were
sputum smear positive. The 2 extra-pulmonary
cases included 1 diagnosis of disease limited to
the terminal ileum and 1 case of axillary TB
lymphadenitis  (Table 4). Drug susceptibility
testing identified 3 cases of streptomycin resist-
ance (streptomycin was not used at any time in
any of these 3 cases) and 1 case of pyrazinamide

E336

resistance (the case isolate was not identified as
Mycobacterium bovis). Resistance to other second
line treatment agents was not demonstrated.

Five patients met criteria for the WHO cumula-
tive outcome term ‘treatment success (either cure
or treatment completed outcome categories as per
Table 1). One case was classified as ‘not evaluated’
due to a transfer out to a resource limited setting
overseas. Data at 1 and 5 years post treatment were
limited, but no known cases of reactivation have
been identified.

The median length of treatment for the 5 patients
who completed therapy in Australia was 623 days
with a range of treatment lengths from 537 to
730days. Theentire treatment period was completed
in the Northern Territory in only 2 instances. One
case was transferred out (deported) at 7 months of
therapy having completed only 214 days of treat-
ment. The remainder of the cases had treatment
coordinated by multiple Australian jurisdictional
tuberculosis control units. Diagnostic, treatment
composition, and compliance data were incomplete
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Table 4: Site of disease, smear positivity and diagnostic modality for multidrug-resistant

tuberculosis cases

Identification of MDR-TB by diagnostic

Site of extra- ies ity

Pulmonary disease pulmonary disease PCR DST
1 Yes Negative NA Not undertaken Yes
2 Yes Positive NA Not undertaken Yes
3 No NA Terminal lleum Not undertaken Yes
4 No NA Axillary lymph node | Yes Yes
5 Yes Positive NA Yes Yes
6 Yes Negative NA Not undertaken Yes

MDR-TB Multidrug-resistant tuberculosis.
PCR Polymerase chain reaction.
DST Drug susceptibility testing.

as a result of the transfer of patients and it is noted
that on at least 1 occasion a significant interrup-
tion to therapy complicated this process.

The treatment of MDR-TB in the Northern
Territory involves directly observed therapy.
Adherence data were excellent (approaching 100%)
for all cases during the period of treatment coordi-
nated by the NT CDC. Contact tracing identified
25 at risk individuals for appropriate follow-up.

All 6 cases commenced an injectable therapy
(4 intravenous amikacin and 2 intramuscular
streptomycin) in the first instance. One case
developed a significant adverse outcome acutely
(Table 5) and 4 cases on amikacin required
permanent vascular access (peripherally inserted
central catheter). All cases were treated with a
later generation fluoroquinolone (moxifloxacin)
and half received a thioamide as part of their
regimen (Table 6). Two cases required hospi-
talisation with a combined total of 248 inpatient
days. Adverse reactions to second line treatments
were noted in 4 of the 6 cases (Table 5).

Discussion

MDR-TB accounted for 1.5 % of all TB notifica-
tions in the Northern Territory over the decade
to 2013. With respect to Australian and global
MDR disease burden, this figure was lower than
may have been expected in the context of the
Northern Territory’s position geographically and
politically, with 3 immigration detention centres
accommodating asylum seekers and alleged illegal
fisherpersons (also referred to as unauthorised
persons). The nationalities of unauthorised per-
sons reviewed by the NT CDC are represented in
the WHO defined 27 countries of high MDR-TB

disease burden."? No significant difference in dis-
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Table 5: Side effects by case and drug implicated

Implicated drug Side effect

1 NA NA

2 Isoniazid or Stevens-Johnson
moxifloxacin syndrome

3 Amikacin Ototoxicity

4 Amikacin Ototoxicity

5 Prothionamide Nausea

6 NA NA

Table 6: Multidrug-resistant tuberculosis
definitive treatment regimen

Number of cases

employing drug for all or
part of treatment regimen

Isoniazid 1/6
Rifampicin 0/6
Rifabutin 1/6
Ethambutol 6/6
Pyrazinamide 5/6
Moxifloxacin 6/6
Prothionamide 3/6
Amikacin*® 5/6
Streptomycin 2/6
Para-aminosalicylic acid 1/6

ease burden is identified between the results of this
study and national data.** The regular transfer of
unauthorised persons between detention centres
and subsequent notifications interstate may con-
found results leading to lower than anticipated
case numbers.
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Distribution of disease between sexes was even.
While our numbers are small this finding is con-
trary to Toungoussova et al 2002, who identified a
trend towards women being at higher risk of carry-
ing MDR-TB strains. The median age of diagnosis
(31 years) likely reflects the age of expected and

unauthorised arrivals to Australia.

Country of birth being a high MDR-TB burden
country was the most frequently reported risk
factor for a diagnosis of MDR-TB, in keeping
with current reports.* All of the cases treated for
MDR-TB in the Northern Territory were born in
1 of the WHO defined 27 high MDR-TB burden
countries. One case had resided in a WHO defined
high burden TB or MDR-TB country other than
their country of birth, prior to diagnosis. Primary
transmission of MDR-TB was suspected in half
of the cases with the other 3 previously treated for
presumed susceptible disease. Previous treatment
documentation and adherence varied and initial
DST results were unknown. The importance of
obtaining an isolate for culture and formal drug
susceptibility cannot be overstated in the setting of
the emergence of drug resistance. Acquired resist-
ance was considered likely in these 3 cases.

One case considered as possible acquired resist-
ance received an initial supervised and then a
subsequent unsupervised treatment in Australia.
As there were no links to any other Australian
MDR-TB cases this case represents an episode
of possible acquired resistance in Australia or a
missed primary MDR-TB that was not adequately
treated, as an isolate for susceptibility testing was
not available.

It is felt that all but possibly 1 of the cases brought
latent MDR-TB from their country of birth or
residence overseas. It is noted that 4 of the 6 cases
were identified within 2 years of arrival. Half of
the cases were identified within 2 years of arrival
by routine screening of individuals in detention,
or health care undertakings. Analysis of enhanced
data collected on all national MDR-TB cases will
be useful in guiding future policy.

The WHO recommends rapid drug suscepti-
bility testing of isoniazid and rifampicin or of
rifampicin alone over conventional testing or no
testing at time of diagnosis, subject to available
resources.” A rapid test is defined as that yielding
diagnostic and resistance results within 2 days.
Only molecular tests can detect resistance so rap-
idly, of which 2 technologies: line probe assay and
Xpert® MTB/RIF, are currently recommended
by WHO." Molecular testing data were avail-
able for cases from 2010 onwards. Xpert® was
diagnostic on MDR-TB specimens subsequently
identified by culture (1 sputum, 1 lymph node

E338

tissue sample). Detection of rpoB gene mutation,
as a surrogate marker for rifampicin resistance,
correctly identified both cases of MDR-TB.
Diagnosis in the Northern Territory has been
based on either diagnostic modality result return-
ing positive in the first instance, with DST taking
precedence over NAAT if results are discordant
in the same sample.

The positive predictive value of any test will
decrease with the decline in the prevalence of the
disease in question, an important consideration for
the use of molecular testing for resistance in the
low prevalence MDR-TB Australian population.
Inappropriate treatment with toxic, less effective
second-line therapy in patients with susceptible
disease is concerning, but specificity on newer gen-
eration Xpert® assays are very promising (99.8%).”

There are significant disease control implications
for the rapid determination of drug resistance,
ensuring successful treatment of the patient and
preventing further spread of the drug-resistant
isolate.’” One individual diagnosed with smear
positive pulmonary disease was diagnosed with
MDR-TB on NAAT, allowing appropriate treat-
ment and infection control mechanisms to be
employed earlier. This was evidenced in the
18-day reduction in delay to appropriate treatment
for patients investigated with NAAT on clinical
1solates.

Significant variation in treatment regimens was
noted among cases. The attempt to tailor indi-
vidual treatments is likely to go part of the way
to explaining this observation. However, expert
consensus with regard to regimen composition,
dose, and duration has historically been lacking
worldwide and continues to evolve. To work to
provide the best standard of care, the Northern
Territory has an MDR-TB steering committee
that meets to initially assess each case and decide
on management and then meets as needed or at
least 3 monthly for continued follow-up. Four
cases were treated with amikacin necessitating
permanent intravascular access. Three of those
cases experienced complications specifically
related to this drug (Table 6). In effect, only 1
case successfully completed the WHO recom-
mended 8 month intensive phase with a paren-
teral agent.® The increased toxicity of second-line
anti-tuberculosis regimens 1s also evident in
the observation that 4 patients experienced sig-
nificant adverse drug effects including hepatitis,
ototoxicity and Stevens-Johnson syndrome. The
increased complexity and toxicity of treatment
regimens necessitates more frequent reviews
and closer clinical and laboratory monitoring for
toxicity and drug levels in some instances. There
are parallel increases in resource consumption
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through inpatient admissions, multidisciplinary
specialist input, vascular access and the extended
treatment duration associated with this diagnosis.

Contact tracing identified 25 individuals for review
and follow-up. These numbers are very manage-
able, likely as a result of the low number of smear
positive individuals, and in those cases seeking
asylum or identified as unauthorised fisherpersons,
by the early active case finding carried out once in
Australia and attendant respiratory isolation. The
NT CDC does not advocate routine prophylaxis
for infected contacts of MDR-TB patients because
of the lack of an agreed-on treatment regimen and
paucity of outcome data to support this approach.
Rather chest x-ray programs and patient and
healthcare provider education are employed for
surveillance for those contacts considered to be at

increased risk of infection with MDR-TB.

“To fulfil her/his public health responsibility, as
well as responsibility to the individual patient,
the provider must prescribe an appropriate treat-
ment regimen, monitor adherence to the regimen
and, when necessary, address factors leading to
interruption or discontinuation of treatment."”
Coordination of directly observed treatment pro-
grams for patients in this study was complicated by
multiple routine transfers of patients in detention,
with 1 case experiencing a lengthy interruption in
appropriate therapy as a result of transfer between
care providers within Australia. A 2nd case was
deported and lost to follow-up at 7 months. This
preceded completion of the 8 month recommended
intensive treatment phase and was 13 months short
of the total treatment duration outlined in the most
recent WHO MDR-TB guidelines.® Successful
treatment outcome was defined in all cases as
treatment completed rather than cure (Table 1) as
definitive sputum smear results were unavailable.

The movement of patients between TB control
programs, as well as deportation, represents a
potential obstacle to the coordinated treatment
and follow-up of MDR-T'B patients. The paucity of
treatment outcome data in this study is attributed
to the regular transfer of patients.

This study is the first to investigate demographic
details, diagnostic modalities, treatment regimens,
and outcomes associated with MDR-TB in the
Northern Territory. Treatment outcomes were
known and successful for all but the deported case
at the completion of treatment and at 12 months
follow-up. It is anticipated that data will be incor-
porated into a future national study that will offer
greater insight into the Australian experience with

MDR-TB. Such research is required to address
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the important gaps in knowledge with regard
to: optimising combinations of drug regimens
and treatment duration; treatment of paediatric
MDR-TB; effective chemoprophylaxis for con-
tacts of MDR-TB cases and strategies to avoid or
therapies to relieve adverse reactions to second-line
anti-tuberculosis drugs.®
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