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Public Health

rates of endemic tuberculosis (TB). Infec-
tions in patients born in such countries are 
presumed to result from reactivation of 
infection acquired in their country of origin.

Molecular typing methods can help clini-
cians and public health practitioners to 
identify clusters of recently acquired TB.1
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ABSTRACT

Objective: To characterise a pulmonary tuberculosis (TB) cluster in the Hunter Area of 
New South Wales using a combination of traditional epidemiological methods and 
molecular typing.

Design, setting and participants: Review of all notifications of TB in the Hunter Area 
between January 1994 and June 2005, with a detailed analysis of cases among people 
born in Australia or New Zealand.

 outcome measures: Comparison of genotypes of Mycobacterium tuberculosis 
tes; extent of TB cluster.

lts: Over the period studied, there were 72 TB notifications among people born in 
alia or New Zealand. Genotypic testing was available for 20 of these cases, of which 
were confirmed to be part of a cluster. Two further cases for which genotyping was 
vailable were epidemiologically linked to the cluster and regarded as probable 
er cases. Members of the cluster were relatively young (median age at diagnosis, 35 

years; range, 21–57 years), and eight were women. Over the same period, there were 83 
TB notifications among people born overseas, the majority being from Asia (47%) or 
central and eastern Europe (24%) (median age, 54 years; range, 9–63 years).

Conclusion: Clinicians should maintain a high index of suspicion for pulmonary TB in a 
person presenting with a productive cough lasting more than 3 weeks, weight loss, 
haemoptysis, night sweats and chest pain, even if the person is not overseas-born or 
elderly. A comprehensive tuberculosis genotyping network at regional and national level 
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in Australia could help identify clusters resulting from recent transmission.
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  Hunter Area* of New South Wales 

s had a low and stable number of 
ycobacterium tuberculosis (MTB) 

notifications. Between 1994 and 2005 there 
were an average of 12 MTB notifications a 
year (range, 8–16), a rate of less than 5 per 
100  000. The median age of infected 
patients was 55 years, with the majority 
(54%) born overseas in countries with high 

MTB isolates from epidemiologically linked 
patients show identical or very closely 
related genotypic patterns because of the 
recency of infection transmission.2 The 
NSW Mycobacterium Reference Laboratory 
at the Institute of Clinical Pathology and 
Medical Research, Sydney West Area Health 
Service, began routine genotyping of MTB 
isolates in 2003. We describe the application 
of traditional epidemiological investigation 
combined with molecular typing to charac-
terise a TB cluster in the Hunter Area.

METHODS
A cluster was first suspected in February 
2005, when contact-tracing interviews with 
an inpatient with pulmonary TB (Case 6 in 
Box 1) identified a link to an informal music 
recording studio shared with five other local 
TB cases whose onset of illness dated back to 
as early as 1994. The members of this group 
were younger than typical notified cases and 
were all born in Australia or New Zealand. 
We conducted an investigation to determine 
the extent of the cluster, to identify epidemio-
logical links and risk factors, and to ensure an 
appropriate public health response.

All notifications for TB in the Hunter Area 
between January 1994 and June 2005 were 
reviewed, and genotyping was requested for all 
available isolates from people who were born 
in Australia or New Zealand. All genotyping 
data for NSW cases were examined. For each 
case suspected of being part of a cluster, 
contact-tracing records were reviewed and the 

person was re-interviewed where traceable. 
We conducted home visits if attempts at phone 
contact were unsuccessful. Additional contacts 
were sought, and efforts were made to follow 
up individuals if previous contact tracing was 
considered incomplete.

Exposure to potential sources of TB, 
including visits to music recording and live-
music venues, was explored in detail with 
suspected cluster cases. A number con-
sented to have their names released directly 
to other cases to facilitate identification of 
possible transmission links. In an effort to 
actively detect additional cluster cases, we 
alerted clinicians in Newcastle to consider 
TB in young people presenting with TB 
symptoms.

All MTB isolates were initially genotyped 
at the NSW Mycobacterium Reference Labor-
atory using two nucleic acid amplification-
based methods — mycobacterial inter-
spersed repetitive unit (MIRU) typing and 
spacer oligonucleotide typing (“spoligotyp-
ing”) — conducted according to standard 
protocols.3,4 Clinical isolates with matching 
MIRU types and spoligotypes were then 
examined by IS6110 restriction fragment 

length polymorphism (RFLP) analysis, 
regarded as the current gold standard for 
genotyping MTB isolates.5 Comparison of 
IS6110 RFLP fingerprints was performed 
using BioNumerics edition 3.0 software 
(Applied Maths, Koutrai, Belgium).

Cluster cases were confirmed if the isolate 
genotype was indistinguishable by MIRU, 
spoligotyping and IS6110 RFLP analysis. 
Cases missing only the RFLP analysis, or 
with an RFLP pattern that differed by only 
one band, were included if an epidemiologi-
cal link was confirmed. An epidemiological 
link to a confirmed cluster case required a 

Learning points

• Clinicians should remain vigilant for 
tuberculosis (TB) in non-typical groups.

• The diagnosis of pulmonary TB in a young 
Australian-born person is an event that 
warrants detailed investigation, especially 
if the person is from a suspected 
socioeconomically vulnerable group.

• Genotyping of isolates is useful for 
detection and investigation of TB 
clusters. ◆*  The Hunter Area was incorporated into the Hunter 

New England Area Health Service in 2005.
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reported contact while the case was infec-
tious, taking account of the date treatment 
commenced.

RESULTS

Cases involving people born in 
Australia or New Zealand
Between January 1994 and June 2005, there 
were 72 TB notifications among Australian- 
and New Zealand-born people in the 
Hunter Area. Genotyping was available on 
20 of these and on an additional cluster case 
diagnosed in December 2005 after the 
investigation had commenced.

Genotyping helped to confirm nine clus-
ter cases. All were of the same MIRU profile 
(223125143312), and spoligotyping 
showed them to be from the T1 (Haarlem) 
family of MTB (SpolDB3 classification, 
probability of 0.99). The RFLP pattern was 
indistinguishable for seven cases, had one 
additional band for Case 8, and was not 
available for Case 5, as insufficient DNA 
could be recovered from the culture, which 
had been stored since 2002 (Box 2). All 
cluster isolates were fully sensitive to first-
line antituberculosis therapy.

Twelve other isolates from the Hunter 
Area had genotypic patterns distinct from 
those of the cluster and no epidemiological 
links to cluster cases.

Genotypic testing was not available for 
the remaining 52 cases, 45 of whom were 
diagnosed clinically and had no isolate for 
testing. Genotyping was not attempted on 

seven isolates collected prior to 1999. 
Epidemiological links to cluster cases 
were identified for two of this group, who 
were therefore considered probable cluster 
cases.

Two cases living elsewhere in NSW had a 
similar genotype to the cluster cases, differ-
ing only in having one band less than the 
cluster strain on RFLP analysis. As no epi-
demiological links were identified between 
these two and any of the Hunter Area cases, 
they were assessed as unlikely to be part of 
the cluster.

There were thus nine confirmed and two 
probable cluster cases among people born in 
Australia or New Zealand. The median age at 
diagnosis was 35 years (range, 21–57 years), 
and eight of the 11 cases were women.

None of the first eight cases had previously 
been identified as contacts of earlier notified 
cases. Cases 9, 10 and 11 were known con-
tacts, and Case 10 had been treated for latent 
TB but was poorly compliant.

Seven of the cluster cases were success-
fully contacted for a detailed interview by a 
TB nurse with over 10 years of contact-
tracing experience. Cases 1, 3 and 5 could 
not be located and Case 2 declined an 
interview. No new contacts were identified 
as a result of the interviews, but four indi-
viduals who had originally been identified 
as contacts participated in further screening. 
No further TB cases were detected. Review 
of the medical history of Case 1 revealed 
that he had been treated for TB 20 years 
earlier, but it was not possible to determine 

whether the 1994 episode was a reactivation 
or a new infection.

Early cluster cases had not reported links 
to a music recording studio and later cases 
suggested that this information had been 
deliberately withheld, perhaps because of 
the unofficial nature of the business and 
associated drug use. Contact with the studio 
was subsequently identified for seven cluster 
cases. (A number of cluster cases had also 
been casually employed as band members 
performing at local hotels.) The studio 
began as a double garage with small rooms, 
no external windows and poor ventilation, 
and kept no records of attendance. It closed 
in 2000, and a studio with the same name 
that started in another location soon after-
wards was closed in 2003. Both studios were 
small “backstreet” businesses. Unfortunately, 
as both premises were no longer in opera-
tion at the time of our study, we could not 
inspect them.

Marijuana use was identified among six of 
the nine confirmed cases and both of the 
suspected cluster cases, but detailed infor-
mation was difficult to obtain, and use of 
shared smoking equipment was not 
explored.

1 Epidemiological links for a cluster of tuberculosis cases in the Hunter Area, 
1994–2005*

*  Case number, sex, and age in years at the time of diagnosis are displayed. Ovals: confirmed cluster cases. 
Rectangles: probable cluster cases. Shaded shapes: recreational marijuana use at the time of infection.  
Solid lines: social or workplace contact. Dashed lines: music-studio contact. ◆

2002

2001

2003

1994

1999

2000

2004

2005

Case 10 
21 y F

Case 6 
24 y F

Case 1 
40 y M

Case 8 
39 y F

Case 2 
44 y M

Case 3 
21 y F

Case 4 
35 y F

Case 5 
29 y M

Case 7 
25 y F

Case 9 
57 y FCase 11 

45 y F

2 IS6110 RFLP patterns of 
Mycobacterium tuberculosis isolates 
from the Hunter Area cluster*

RFLP = restriction fragment length polymorphism. 
*  Lane 1: unrelated isolate of Mycobacterium 
tuberculosis (control). Lanes 2–9: cluster isolates 
(Lane 2: Case 8; Lane 3: Case 1; Lane 4: Case 2; 
Lane 5: Case 3; Lane 6: Case 4; Lane 7: Case 6; 
Lane 8: Case 7; Lane 9: Case 9). There is no band 
for Case 5, as insufficient DNA could be recovered 
from the culture.   ◆
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Cases involving people born overseas

A further 83 TB notifications were received 
during the period January 1994–June 2005 
for people born in countries other than 
Australia or New Zealand. The majority 
were from Asia (47%) and central and east-
ern Europe (24%), with a median age of 54 
years (range, 9–63 years).

DISCUSSION

We have identified a cluster of pulmonary 
TB acquired by relatively young Australian- 
and New Zealand-born individuals in the 
Hunter Area. The index case, diagnosed in 
1994, was followed by eight confirmed and 
two suspected cluster cases that were diag-
nosed between 1999 and 2005. It is possible 
that additional cluster cases may be identi-
fied in the future.

Clinicians should maintain a high index 
of suspicion for pulmonary TB in a person 
presenting with a productive cough lasting 
more than 3 weeks, weight loss, haemopty-
sis, night sweats and chest pain, even if the 
suspected case is atypical (ie, not overseas-
born or elderly). This is particularly impor-
tant if the individual comes from a vulner-
able population subgroup.6

In the cluster we examined, epidemiologi-
cal investigation revealed complex social net-
works between cases, with a likelihood of 
several “waves” of transmission between 
1994 and 2005. Transmission probably 
occurred at a small, poorly ventilated record-
ing studio and in social and workplace set-
t ings. Although the contribution of 
recreational marijuana use to the spread of TB 
is not clear in this cluster, shared smoking 
equipment has been identified as a potential 
source of infection in previous clusters.7

Genotyping played a pivotal role in our 
investigation, and the use of multiple typing 
methods improved cluster discrimination.8

Confirmed cluster cases were from the rela-
tively uncommon T1 family, identified in 
fewer than 5% of NSW isolates, increasing 
the likelihood that the cases were related. 
Genotyping resulted in the identification of 
additional cluster cases and the timely 
exclusion of several young Australian-born 
cases, thus allowing investigators to focus 
their resources on identifying epidemiologi-
cal links between cluster cases. Two cases 
with isolates whose genotypes were very 
similar to the cluster strain (with a single 
band difference in the RFLP pattern) were 
excluded because no epidemiological links 
could be identified. However, the possibility 
that they were linked indirectly to the clus-

ter by currently unidentified cases cannot be 
excluded.

Routine genotyping has the potential to 
detect unsuspected clusters, and would 
likely have identified this group earlier if 
testing had been available before 2003. The 
delay in identifying the cluster reinforces the 
limitations of relying solely on traditional 
contact tracing, particularly in hard-to-reach 
populations.9 Molecular epidemiological 
studies have demonstrated that as few as 
5%–10% of clustered cases are identified 
through routine investigation of close con-
tacts.2,10,11 Factors contributing to this low 
success rate include the importance of cas-
ual contact in transmission and the fact that 
cases do not necessarily disclose all contacts.

In low-incidence countries such as Aus-
tralia, secondary TB transmission should 
ideally be limited by rapid and complete 
contact investigation. In practice, however, 
such action is hampered by diagnostic 
delays and the occurrence of cases in hard-
to-reach itinerant groups, in which trans-
mission often occurs beyond recognised 
“concentric circles” of close contacts.12 A 
finding of genotypic clustering of MTB iso-
lates could be used as a trigger for a second 
targeted interview designed to unravel 
undetected routes of transmission. Such a 
two-stage contact investigation would add 
“epidemiologic value”.2,10,13

A comprehensive tuberculosis genotyping 
network at regional and national level in 
Australia could help to identify and investi-
gate clusters resulting from recent transmis-
sion. As real-time, amplification-based 
genotyping becomes available, people with 
TB who need a second interview will be 
rapidly identifiable, facilitating a more effi-
cient and effective public health response.
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