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Evidence of primary transmission of multidrug-resistant
tuberculosis in the Western Province of Papua New Guinea

Christopher M Gilpin, Graham Simpson, Stephen Vincent, Terry P O’'Brien,
Trevor A Knight, Maria Globan, Christopher Coulter and Anastasios Konstantinos

ustralia is fortunate to have one of the

lowest incident rates of tuberculosis

(TB) in the world, with rates remain-
ing stable at 5-6 cases per 100 000 population
since the mid 1980s.! However, Australias
close proximity to many countries in the Asia—
Pacific region with a high or intermediate TB
burden necessitates an evaluation of policies
and strategies for TB control for the Australian
population.

Just north of the Australian mainland lies
the Torres Strait, which separates Australia
from Papua New Guinea (PNG). The health
status of Papua New Guineans is one of the
lowest in the Pacific region, and TB is one of
the three leading infectious diseases causing
death in PNG, with an estimated mortality
rate of 42 deaths per 100000 population. The
estimated annual incidence of all forms of TB
in PNG is 233 cases per 100 000 population.?

A treaty between PNG and Australia to
establish a maritime boundary between the
two countries was ratified in 1985. The Sea-
bed Jurisdiction Line effectively marks the
boundary. Australia has sovereignty below the
line and PNG has rights north of the line,
although PNG recognises Australias sover-
eignty over 15 islands and cays north of the
line, including Boigu, Saibai and Dauan
(Box 1). These three islands are very close to
the mainland of the Western Province of PNG.
The treaty also established a “Torres Strait
Protected Zone”, whereby Australians who are
Torres Strait Islanders and Papua New Guine-
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ABSTRACT

Objective: To review patient outcomes and the molecular epidemiology of multidrug-
resistant tuberculosis (MDR-TB) strains isolated from patients living in the Western
Province of Papua New Guinea (PNG) seeking treatment in Australia.

Design, setting and participants: Review of all cases of MDR-TB among people living
in the open border region between the Western Province of PNG and the Torres Strait
Islands of Australia who presented to health clinics in the region between 2000 and 2006.
All cases of suspected TB were bacteriologically confirmed at the time of presentation
by the Mycobacterium Reference Laboratory in Brisbane.

Main outcome measures: Drug resistance patterns; drug use and duration; molecular

typing of TB strains; patient outcomes.

Results: Between 2000 and 2006, 60 patients from the Western Province of PNG were
diagnosed with TB, of which 15 had MDR-TB. Mortality was high, although no patient
who was able to maintain access to supervised therapy died. All 15 MDR-TB isolates
were Beijing-family strains showing the same unique mycobacterial interspersed
repetitive unit (MIRU) profile, with the exception of a single strain that differed by a
single repeat at one locus. Restriction fragment length polymorphism (RFLP) typing
on 10 of these strains further differentiated them into two distinct clusters.
Conclusion: Transmission of MDR-TB is occurring in the Western Province of PNG.
Additional resources are urgently needed to interrupt the ongoing transmission

of MDR-TB from the Western Province of PNG to the Torres Strait Islands. Good
supervision and management of patient treatment, which includes ensuring a regular
supply of second-line anti-TB drugs, are essential elements of TB control.
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ans who live in the coastal areas of PNG are
permitted to migrate across the borders in
accordance with the livelihood and way of life
of the traditional inhabitants. This presents an
important challenge to Australia to ensure
that the unique lifestyle of the region’s tradi-
tional inhabitants is protected while advanc-
ing Australia’s public health interests. Because
of limited access to health care in the Western
Province of PNG, PNG nationals from the
coastal areas are travelling to the nearby
islands of Boigu and Saibai to seek treatment.

METHODS

Our study included patients from the West-
ern Province of PNG with bacteriologically
confirmed TB who presented to health clin-
ics within Australian territory between 2000
and 2006. All sputum specimens from these
patients were submitted to the Mycobacter-
ium Reference Laboratory in Brisbane for
specimen processing, culture, identification,
drug susceptibility testing and genotyping.
Treatment outcomes of the confirmed cases

For editorial comment, see page 131

were recorded in the Cairns Regional TB
Control Unit database.

Culture and sensitivity testing

Sputum specimens were cultured at the
Mycobacterium Reference Laboratory using
BACTEC MGIT 960 liquid culture medium
(Becton-Dickinson, Sparks, Md, USA) and
Lowenstein—Jensen agar medium. Isolates
were also confirmed as Mycobacterium tuber-
culosis complex by an M. tuberculosis-specific
probe (AccuProbe, Gen-Probe, San Diego,
Calif, USA). Drug susceptibility to first-line
drugs was tested using the BACTEC MGIT
960 proportion method. Strains of M. tuber-
culosis resistant to both isoniazid and
rifampicin were considered to be multidrug-
resistant tuberculosis (MDR-TB) strains.

Genotyping

We used molecular tools to determine
whether there were any epidemiological
links between the MDR-TB strains and to
establish whether the resistance was con-
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1 Map of the Torres Strait region, showing the boundaries between Australian
and Papua New Guinean territory
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fined to a single strain type or involved
multiple strain types.

Genotyping was performed on each
strain using both variable number tandem
DNA repeat (VNTR) typing” and 12-locus
mycobacterial interspersed repetitive unit
(MIRU) typing.* VNTR typing used three
exact tandem repeat loci (A, B and C) plus
two of the MIRU loci (MIRU 4 and MIRU
31) corresponding to exact tandem repeat
loci D and E to generate a five-digit profile.
VNTR and MIRU loci were amplified by
the polymerase chain reaction (PCR),
using specific primers complementary to
the flanking regions. The number of tan-
dem repeats at each locus was determined
by estimating the size of PCR products on
agarose gels. The results were expressed as
numerical profiles in which each digit
represented the number of copies at a
particular locus.

Ten of the 15 MDR-TB strains were avail-
able to confirm clustering by insertion
sequence 6110 (IS6110) restriction fragment
length polymorphism (RFLP) typing.’ In
our study, an IS6110-RFLP cluster was
defined as a collection of isolates that shared
100% fingerprint identity.

Data on treatment and outcomes

Routine data collected on treatment regi-
mens and patient outcomes were obtained
from the Cairns Regional TB Control Unit,
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which is responsible for TB control in Far
North Queensland.

As the data presented in our study were
gathered by the Queensland TB Control
Centre as part of routine public health sur-
veillance, ethical approval for the study was
not required.

RESULTS

Between 2000 and 2006, there were 60
cases of M. tuberculosis identified among
Papua New Guineans presenting to clinics
in the region that were bacteriologically
confirmed by the Mycobacterium Reference
Laboratory in Brisbane. Of the TB strains
isolated, 15 (25%) were MDR-TB strains
resistant to at least isoniazid and rifampicin.
No extensively drug-resistant strains (ie,
strains additionally resistant to fluoroquin-
olones and at least one of the three second-
line injectable drugs [amikacin, kanamycin
and capreomycin]) were detected. Drug sus-
ceptibility and genotyping results for the 15
MDR-TB strains, together with patient out-
comes and treatment regimens, are summa-
rised in Box 2.

All of the 15 strains were Beijing-family
strains and showed identical VNTR and
MIRU profiles (42435 and 222325163544,
respectively), with the exception of a single
strain that differed at MIRU locus 31 by a
single repeat. Although the Beijing family
profile 42435 represents about 20% of all

M. tuberculosis isolates in Queensland, the
MIRU profile for these strains was unique.

The 1S6110-RFLP patterns for 10 of the
15 strains isolated between 2000 and 2006
are shown in Box 3. Two distinct finger-
prints were evident. Cluster A comprised
three patients (1, 5 and 6) with an identical
21-copy 156110 pattern. These three sub-
jects all originated from the coastal village of
Mabadauan in the Western Province of
PNG, which is opposite Saibai Island (one
of the Torres Strait Islands under Australia’s
jurisdiction), where the patients were diag-
nosed. Cluster B comprised seven patients
(3, 4 and 7-11) with an identical 20-copy
IS6110 pattern. These patients were diag-
nosed at Boigu Island, another Torres Strait
Island of Australia. The patients in the larger
cluster originate from a number of villages
in the Western Province of PNG. Sigaba-
duru village is on the PNG mainland across
from Saibai Island, with Mabadauan slightly
further away. Buzi, a coastal village opposite
Boigu Island, is further west on the PNG
mainland towards the West Papuan border.
Dimiri, a small PNG village inland from
Buzi, is not within the Torres Strait Pro-
tected Zone, so people from this village do
not have traditional visitation rights into the
Torres Strait Islands. Daru Island (under
PNG jurisdiction) is east of Mabadauan and
Sigabaduru and contains the major hospital
for patients within the South Fly Health
Service District of the Western Province.
This hospital is the official PNG referral
hospital for the PNG villages contained
within the Torres Strait Protected Zone.
Thus the seven-patient cluster came from a
wide geographical area.

Patient outcome details are summarised in
Box 2. Of the 15 patients with MDR-TB, six
died, a further two were lost to follow-up (and
are presumed to have died), three are currently
being treated and showing signs of clinical
improvement, and four (patients 7, 9, 10 and
11) have completed treatment, with apparent
clinical and radiological cure. (Bacteriological
quiescence has been proven in patient 10, but
the other three have been unable to produce
satisfactory sputum specimens.)

DISCUSSION

The occurrence of MDR-TB strains adds to
the complexity of TB control in the Torres
Strait region. Our genotyping results high-
light the potentially serious problem of pri-
mary transmission of MDR-TB in the
Western Province of PNG. MDR-TB poses a
serious threat to infected individuals and to
whole communities.®
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Both clusters of MDR-TB strains detected
were Beijing-family strains. The Beijing fam-
ily is most prevalent in South-East Asian
countries and is increasingly found to be
associated with MDR-TB.”® These strains
have also been associated with increased
transmissibility in communities,™'° which
may be associated with increased virulence,
although this has not been proven.!!

Insufficient drug resistance surveillance
data are available from PNG to determine
the prevalence of MDR-TB. However, pre-
liminary drug susceptibility testing of 64
strains of M. tuberculosis isolated from
patients from Goroka in the Central High-
lands and Madang on the north coast in
2006 identified five cases of MDR-TB
(unpublished data).

Although clear hotspots for MDR-TB have
been identified in eastern Europe and parts
of China, it appears that MDR-TB is limited
to local epidemics.'! Adoption of directly
observed therapy short course (DOTS) to
prevent the generation of resistant strains
and careful introduction of second-line
drugs to treat patients with MDR-TB are the
top priorities for proper containment of
MDR-TB.!? However, DOTS programs are
poorly implemented in PNG, and there are
inadequate resources to determine the
extent of transmission of MDR-TB."?

With the close proximity of PNG to Aus-
tralian territory, efforts to upscale control of
TB in the Torres Strait are essential to ensure
that MDR-TB does not become an emerging
problem in Queensland. In the past 2 years,
30 MDR-TB strains have been identified in
Australia, with a third of these originating
from the Western Province of PNG (Austral-
ian Mycobacterium Reference Laboratory
Network, unpublished data).

Management of MDR-TB is complex at
the best of times, but for Papua New Guin-
ean patients diagnosed in the Torres Strait
region there are numerous additional barri-
ers to obtaining effective treatment. These
include transportation costs, access to treat-
ment, adequate supply of medication, intol-
erable side effects and poor compliance.

Patients from the South Fly Health Service
District of the Western Province of PNG are
extremely disadvantaged, and the cost of fuel
to travel to Australia’s Torres Strait Islands to
access treatment is, in some cases, prohibi-
tive. This has led to at least one death in a
patient who could not afford to return for
drug treatment. Furthermore, the terms of
the treaty allow these Papua New Guinean
patients access to the Torres Strait Islands for
traditional practices only: attending health
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3 1S6110-RFLP patterns for 10 cases
of MDR-TB, identified by case
number
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clinics on these islands for ongoing treat-
ment of TB can be (and has been) construed
as illegal, with at least one death directly
attributed to a patient being denied access to
return for treatment following diagnosis. The
only hospital servicing all the Torres Strait
islands is outside the Torres Strait Protected
Zone, on Thursday Island. Because only
Papua New Guinean patients who have acute
life-threatening conditions are admitted to
hospitals outside the Torres Strait Protected
Zone, only patients with acute septic or
immediately life-threatening forms of MDR-
TB are admitted for treatment. Thus, most
patients with MDR-TB cannot have an
appropriate aminoglycoside such as ami-
kacin included in their treatment regimen,
even though it would ideally be part of
optimal treatment. Only three patients in the
group of 15 were managed with a regimen
including an aminoglycoside. It is extremely
difficult to organise directly supervised ther-
apy, although this group of patients has
proved to be extremely adherent to treat-
ment, as those accessing clinics in the Torres
Strait Islands are a self-selected group of
patients who are actively seeking cure.

Among the eight patients who died (six
documented and two presumed), only two
deaths were due to poor compliance.

Specialist supervision of treatment relies
on visiting specialists from Cairns flying to
the outer islands, as immigration rules pre-
vent patients being allowed to attend clinics
at the Thursday Island Hospital, which is
located within Australian territory outside
the Torres Strait Protected Zone. The plan-
ning of these clinics has to include such
factors as tide tables, to ensure that patients
can reach the islands in small boats at a time
when specialists are there. The unantici-
pated increase in MDR-TB in recent years
has led to problems with supply of second-
line anti-TB drugs, most of which have to be
specially imported to Australia under the
Special Access Scheme. Supply of these
drugs is not guaranteed to clinics within the
Torres Strait region, and treatment has often
had to be altered or interrupted because of
this factor. More-over, as patients have no
access to refrigeration, drug storage
becomes a problem when they return home.

Efforts are being made to tackle many of
these issues. Actions already taken include
the provision of travel vouchers to Papua
New Guinean patients to pay for fuel for
return trips to the clinics on Saibai and
Boigu islands; dispensing of drugs in blister
packs to improve adherence; and stockpil-
ing of second-line anti-TB drugs in Cairns
and on Thursday Island to ensure continuity
of supply. Increased communication with
health centres across the border in PNG has
been established to improve management of
TB patients across the border and to involve
PNG health centre staff in management.
This has required education of relevant
health, customs and immigration staff in the
Torres Strait to ensure they understand the
public health issues. It is hoped that
increased education of all parties involved in
providing services within the treaty zone
will significantly reduce barriers to success-
ful control of TB in the region.

In early 2006, Simpson and colleagues
reported a rising incidence of TB in the Torres
Strait and changing TB patterns in Far North
Queensland.? Evidence of rising incidence of
TB in the Torres Strait and primary transmis-
sion of MDR-TB within the Western Province
of PNG suggests the potential for a major
public health crisis, with the possibility of
MDR-TB spreading to northern Queensland.
Urgent efforts are needed to scale up
resources to find further cases and provide
appropriate treatment and follow-up for all
visitors and residents living in the Torres
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Strait Protected Zone. The failure to contain
an epidemic of MDR-TB now may have signif-
icant long-term financial and social implica-
tions for both PNG and Australia.
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