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Abstract
Background Contacts of an individual with active tuberculosis (TB) disease have a higher risk of
developing latent TB infection (LTBI) or active TB disease. Contact tracing is a public health measure that
seeks to identify exposed contacts, screen them for co-prevalent TB and consider prophylactic treatment to
prevent progression from LTBI to active TB disease. The investigators sought to determine the prevalence
of LTBI and active TB disease among contacts of patients with multidrug-resistant (MDR)-TB in New
South Wales, Australia.
Methodology A retrospective cohort study was performed among the contacts of patients diagnosed with
MDR-TB between 2000 and 2016, inclusive, at seven chest clinics. Medical records were used to identify
eligible contacts. Outcomes of screening and prophylactic treatment regimens offered to MDR-TB contacts
with LTBI were characterised. Collected data included demographic information, screening tests results and
initial management.
Results In total, 247 contacts of 55 MDR-TB patients were identified. LTBI was identified in 105 contacts
(42.5%). Preventive treatment was received by 20 contacts with LTBI (32.3%) in the form of various
regimens, ranging from one to three antimicrobials, with various doses and durations. One contact with
LTBI who was untreated progressed to active TB disease during the study period, according to clinic notes.
Conclusion Contacts of MDR-TB patients have a high prevalence of LTBI. Management of these contacts
varies substantially in New South Wales, reflecting a lack of definitive evidence for preventive therapy.
Further research is required to determine the optimal management of this population.

Introduction
In 2018, an estimated 10 million people fell ill with tuberculosis (TB) worldwide [1, 2]. Among these,
almost half a million people developed multidrug-resistant (MDR)-TB, defined as disease caused by
Mycobacterium tuberculosis that is resistant to both isoniazid and rifampicin [1–4]. A diagnosis of
MDR-TB presents a major challenge for patients, owing to the prolonged treatment, high incidence of
adverse events, high mortality rates and substantial costs of treatment [5, 6].

TB is transmitted via droplets that are coughed up by infected patients and inhaled by susceptible contacts.
The World Health Organization (WHO) aims to eliminate this disease by 2035 [7]. In high-income
countries with low rates of TB, contact tracing is the primary method used to find those at risk of
developing TB. However, the prevalence of latent tuberculosis infection (LTBI) and TB disease among
contacts of patients with MDR-TB and drug-susceptible TB are not well understood. Systematic reviews
and meta-analyses have shown that contacts of MDR-TB patients have a high risk of developing TB, with
disease commonly diagnosed within 12 months of the index patient’s diagnosis [8, 9]. A recent prospective
cohort study found a higher prevalence of LTBI among household contacts of MDR-TB patients than

Copyright ©The authors 2021

This version is distributed under
the terms of the Creative
Commons Attribution Non-
Commercial Licence 4.0. For
commercial reproduction rights
and permissions contact
permissions@ersnet.org

Received: 5 March 2021
Accepted: 21 June 2021

https://doi.org/10.1183/23120541.00149-2021 ERJ Open Res 2021; 7: 00149-2021

ERJ OPEN RESEARCH
ORIGINAL RESEARCH ARTICLE

V. CHANG ET AL.

https://orcid.org/0000-0002-4880-9082
https://orcid.org/0000-0001-8577-3915
mailto:gregory.fox@sydney.edu.au
https://crossmark.crossref.org/dialog/?doi=10.1183/23120541.00149-2021&domain=pdf&date_stamp=
https://bit.ly/2Tf4LLY
https://bit.ly/2Tf4LLY
https://doi.org/10.1183/23120541.00149-2021
mailto:permissions@ersnet.org


among contacts of patients with newly diagnosed TB that was presumed not to be drug resistant [10].
Accelerating the detection of disease among high-risk contacts of MDR-TB patients could maximise the
opportunity to identify and treat latent infection to prevent disease, and should be prioritised to achieve the
End TB Strategy [11].

Identifying MDR-TB contacts with LTBI is clinically useful only if there is an approach to reducing the risk
of developing active TB disease. This is the rationale for prophylactic treatment regimens for LTBI [12].
However, established consensus among global authorities and governments has yet to be reached with
regards to managing LTBI in MDR-TB contacts [13–15]. In the absence of definitive guidelines in New
South Wales (NSW), Australia, the provision of prophylaxis lies with a respiratory physician’s clinical
judgment, based upon the individual clinical features of each patient. A contact tracing study conducted in
Victoria, Australia, reported substantial variability in prescribed prophylaxis for MDR-TB contacts, in terms
of antimicrobial regimens as well as treatment duration [16]. Current practices regarding effective regimens to
prevent TB among contacts of patients with MDR-TB have not yet been established [17].

This study aimed to determine the prevalence of LTBI and active TB disease among contacts of patients
with MDR-TB screened in NSW and to characterise the current approach to managing LTBI in this
population.

Methodology
Study design and setting
This retrospective cohort study was performed for contacts of patients with MDR-TB in NSW between
2000 and 2016. MDR-TB was defined as bacteriologically confirmed TB with resistance to isoniazid and
rifampicin. Patients were excluded if they did not have bacteriologically confirmed MDR-TB (with proven
isoniazid and rifampicin resistance). We collected quantitative data from the medical records of contacts of
the MDR-TB index patients attending chest clinics within NSW. Variables of interest included
demographic information, age, gender, country of birth and contact exposure to a person with known TB
(an “index” patient). We also recorded disease status of the contacts, and the outcomes of the contact
screening. Tuberculin skin test (TST) and interferon-γ release assay (IGRA) test results of the contacts
were recorded. Immunological evidence of TB infection was defined as a TST reaction size of ⩾10 mm or
a positive IGRA, upon which LTBI status was determined and the use of prophylactic treatment regimens
was reported. Contacts were defined as having completed screening if they completed a TST or IGRA and
clinical follow-up at the TB clinic.

Participant identification
A list of all patients with a laboratory-confirmed diagnosis of MDR-TB in NSW from January 1, 2000, to
December 31, 2016, was identified from the state-wide mycobacterial reference laboratory at the Institute
for Clinical Pathology and Medical Research Mycobacterium Reference Laboratory. In total, 55 patients
were identified from seven participating urban chest clinics in NSW where patients received treatment at
the TB clinics. We visited the chest clinics of these seven hospitals to identify the records of these
MDR-TB patients, which contained documentation of routine contact tracing performed for each case of
active TB disease.

Contact tracing was managed differently across different chest clinics, with some keeping paper records
and others using specialised computer software. Generally, for each MDR-TB patient, a list of contacts
would be identified and an attempt made to screen these individuals with follow-up at the chest clinic. The
sample of MDR-TB contacts examined by this study included all individuals identified through chest clinic
contact tracing programmes and comprised the population of identifiable MDR-TB contacts. No identified
contacts were excluded at the data collection stage. Existing electronic and hard copy contact records
maintained by chest clinics were obtained and manually searched for relevant quantitative data.

Outcome measures
Outcomes of contact screening were also of interest. Contacts with positive TST results obtained from
contact screening, without a prior history of LTBI or TB, were considered to have new LTBI. We also
recorded the use of prophylactic treatment regimens, including the medications used and their doses,
durations and documented adverse effects. Adverse events were evaluated based upon documentation by
the treating physicians in the patients’ medical records. The grade of adverse events was determined from
the available clinical information by two researchers (VC and RL), according to standardised criteria [8].
Grade 1 adverse events comprised events with no symptoms or mild symptoms; Grade 2 events comprised
adverse events for which local or noninvasive interventions were indicated; Grade 3 events were defined as
those requiring hospitalisation or resulting in disability; Grade 4 events comprised events with
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TABLE 1 Demographics of contacts of patients with MDR-TB, New South Wales, Australia, 2000–2016

Total contacts commenced screening 247 (100)
Gender
Male 107 (43.3)
Female 140 (56.7)

Age, years
<18 27 (10.9)
18–24 16 (6.4)
25–34 76 (30.8)
35–44 43 (17.4)
45–54 38 (15.4)
55–64 29 (11.7)
65+ 18 (7.3)

Country of birth
Africa 12 (4.9)
East Asia 18 (7.3)
South Asia 26 (10.5)
Southeast Asia 65 (26.3)
West Asia 4 (1.6)
Europe 4 (1.6)
South America 1 (0.4)
North America 1 (0.4)
Australia and New Zealand 81 (32.8)
Not documented 35 (14.2)

Employment status
Working full-time 87 (35.2)
Working part-time 91 (36.8)
Unemployed 23 (9.3)
Studying 31 (12.6)
Not stated 15 (6.1)

Smoking status
Lifelong non-smoker 185 (74.9)
Current smoker 12 (4.9)
Ex-smoker 15 (6.1)
Not documented 35 (14.2)

Alcohol usage
Does not drink 159 (64.4)
Social usage 58 (23.5)
Excessive usage 8 (3.2)
Not documented 22 (30.9)

IVDU
Non-IVDU 222 (89.9)
Current IVDU 0 (0)
Ex-IVDU 3 (1.2)
Not documented 22 (30.9)

Bacille Calmette–Guérin scar
Yes 57 (23.1)
No 30 (12.1)
Not documented 160 (64.8)

Medical comorbidities
HIV
Yes 0 (0)
No 221 (89.5)
Not documented 26 (10.5)

Diabetes mellitus
Yes 30 (12.1)
No 209 (84.6)
Not documented 8 (3.2)

Immunosuppression
Yes 0 (0)
No 231 (93.5)
Not documented 16 (6.5)

Continued
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life-threatening consequences; and Grade 5 events resulted in death. Adverse events leading to changes in
treatment were documented.

Data analysis
Descriptive analyses were performed. Quantitative variables are summarised using frequency (%) and
median (interquartile range (IQR)). Adverse events were stratified by organ or system. Proportions were
based upon the number of non-missing values. Statistical analyses were performed using IBM SPSS
Statistics (version 25.0, IBM Corp., Armonk, NY, USA).

Ethical considerations
Ethical approval for the study was granted by the Sydney Local Health District Human Research Ethics
Committee (LNR/17/CRGH/129). Site-specific permission was obtained from each hospital prior to
commencement of data collection.

Results
We reviewed the medical files of 55 MDR-TB patients from seven chest clinics in Sydney, NSW, through
which 247 MDR-TB contacts were screened (table 1). The number of contact cases per index patient
ranged from one to 115 with a median of two contacts per case. Most of the contacts (131 of 247, 53.0%)
were born overseas. All patients with Bacille Calmette–Guérin (BCG) scars (57 of 247, 23.1%) were born
overseas.

247 contacts with chest clinic records commenced screening, of which 215 completed screening. TST was
the predominant mode of TB exposure screening. Only three contacts were documented to have had an
IGRA test. Immunological evidence of TB infection was found in 105 contacts (42.5%). 96 (38.9%) were
diagnosed with LTBI by the specialist medical assessment. 62 contacts (25.1%) were classified as having
LTBI due to recent exposure (i.e. newly diagnosed) and 34 (13.8%) were classified as having LTBI due to
remote exposure. Of the 62 newly diagnosed LTBI contacts, 11 (4.5%) were born in Australia/New
Zealand, 28 (11.3%) in Southeast Asia, 13 (5.3%) in South Asia, eight (3.2%) in East Asia and two
(0.8%) in Africa. One contact had co-prevalent extrapulmonary TB that was fully sensitive to first-line
antibiotics (figure 1). The index case isolate had different drug susceptibility test results from this contact.
Table 2 shows the screening outcomes of contacts.

More than half of the contacts with newly diagnosed LTBI were offered prophylactic treatment (table 3).
Extensive variation was observed in the medications, doses and durations making up the prophylactic
treatment regimens offered to contacts with LTBI. Table 4 reports the documented regimens used in the
treating hospitals. In two contacts, isoniazid preventive therapy was commenced before patients’ drug
susceptibility results were known. Treating clinicians stopped therapy once it was recognised to be
ineffective. These two contacts went onto chest X-ray surveillance. 14 of the index cases with MDR-TB
had organisms that were susceptible to high-level isoniazid, and 11 contacts were offered isoniazid as part
of their prophylactic regimens. Adverse events from the prophylactic treatments were rarely reported.

Discussion
This retrospective cohort study found a high prevalence of LTBI among contacts of patients diagnosed
with MDR-TB over a 16-year period. In low-incidence countries, including Australia, that have low
background transmission rates of TB, transmission among contacts born in those countries most likely
results from the recognised exposure to a patient with MDR-TB. The calculated LTBI prevalence in our
study was 96 of 247 (38.9%), which is comparable to a reported 52.6% prevalence of LTBI in a
meta-analysis of contacts of patients with MDR-TB or extensively drug-resistant TB in other high-income
countries [8]. One contact had concurrent extrapulmonary TB that was not drug resistant. More than half

TABLE 1 Continued

Types of contact
Household 94 (38)
Institutional/healthcare 71 (28.7)
Other 10 (4)
Not documented 72 (29.1)

Data presented as n (%). MDR: multidrug resistant; TB: tuberculosis; IVDU: intravenous drug user.
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of the contacts with LTBI (33 of 62, 53.2%) were offered prophylactic treatment but only 20 of 62
(32.3%) of the contacts accepted preventive therapies. The majority of the contacts (42 of 62, 67.7%)
accepted chest X-ray surveillance.

Selecting an appropriate preventive therapy is a major challenge in treating contacts of patients with
drug-resistant TB. It is often difficult to distinguish whether contact LTBI arises from transmission from
the recognised index case or from a prior remote infection. For those born in Australia, a setting with a
low incidence and low background transmission of M. tuberculosis, most cases of LTBI are likely to have
occurred owing to their close contact with active MDR-TB disease. However, in our study, many contacts
were born overseas, meaning that it was difficult to definitively exclude remote infection.

This study had several limitations. First, because this was a retrospective study, documentation in the
medical records was sometimes incomplete. By relying on chest clinic records, the investigators are unable
to exclude the possibility that some contacts were not documented in available records. Second, with the
small number of contacts treated, the variation in regimens used and the absence of a control group, we

Contacts failed to

attend contact 

screening

Contacts attend

contact tracing

Clinical review with

chest X-ray ± TST/IGRA

± sputum testing

Active TB
Treat and follow-up

as active TB disease

Identify and prioritise 

contacts

Chemoprophylaxis

and/or chest X-ray 

follow-up

LTBI

Normal

FIGURE 1 Algorithm for contact tracing and management in New South Wales, Australia. TST: tuberculin skin
test; IGRA: interferon-γ release assay; TB: tuberculosis; LTBI: latent TB infection.

TABLE 2 Screening outcomes of contacts of patients with MDR-TB, New South Wales, Australia, 2000−2016

Contacts who commenced screening 247 (100)
Completed screening (total) 215 (87)
Tested positive for LTBI 105 (42.5)
TST positive (⩾10 mm) 104 (42.1)
IGRA positive (⩾0.35) 1 (0.4)

Tested negative for LTBI 110 (44.5)
TST negative (<10 mm) 108 (43.7)
IGRA negative (<0.35) 2 (0.8)

Did not complete screening 32 (13.0)
Did not attend 26 (10.5)
Transferred out before completing screening 3 (1.2)
Deceased before completing screening 3 (1.2)

Chest X-ray findings
Abnormal 8 (3.2)
Normal 207 (83.8)
Not documented 32 (13.0)

Final diagnosis
LTBI 96 (38.9)
Newly diagnosed LTBI 62 (25.1)
Prior history of LTBI 34 (13.8)
Active TB disease 1 (0.4)
Previous inactive TB (treated or not treated) 8 (3.2)

Data presented as n (%). MDR: multidrug resistant; TB: tuberculosis; LTBI: latent tuberculosis infection;
TST: tuberculin skin test; IGRA: interferon-γ release assay.
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were unable to assess the effectiveness of different regimens to treat LTBI. The undertaking of this study
has so far corroborated the utility of contact tracing programmes demonstrated by the existing body of
literature and has characterised a substantial degree of contact transmission in NSW. Even if contacts do
not receive treatment, they can be monitored for incipient disease following their known exposure. This is
likely to accelerate diagnosis of early disease and reduce potential ongoing transmission in the community.

This study has important policy implications. First, given the significant role of contact transmission in
LTBI development, efforts to detect and treat contacts with MDR-TB infection play an important role in
the control of TB in this low-prevalence setting. LTBI is a significant risk for developing infectious active
TB disease. It is often stated that the lifetime risk of developing active TB after an index infection is 5–
10%; a recent study has shown the 1650-day cumulative hazard is up to 11.5% [18]. Hence, identifying
contacts and screening them for LTBI can effectively break the cycle of TB transmission. Prevention is
especially important for those at risk of MDR-TB, given the difficulty of treating these cases once active
MDR-TB disease is established. Second, identifying contacts with LTBI is clinically useful only if there is
an approach to reducing the risk of development into active TB disease. Regular clinical and radiological
surveillance accelerate diagnosis of early disease and reduce potential ongoing transmission in the
community [1], but they are labour intensive and do not reduce the risk of potential development into
active TB disease. This is the rationale behind prophylactic treatment regimens for LTBI; however,
currently available guidelines for treating LTBI in MDR-TB contacts lack uniformity and are based upon
limited evidence of effectiveness of the commonly used preventive therapies in this population [2, 19, 20].
Another important consideration unique to our population of MDR-TB contacts would be individualising

TABLE 4 Antibiotic treatment of infected contacts of patients with MDR-TB

Regimen recommended by
treating physicians

Contacts commencing
treatment

Contacts completing
recommended
treatment

Contacts reporting
adverse events
during treatment

Total 18 (100) 18 (100) 1 (5)
One drug
Moxifloxacin
6 months 7 (35) 7 (35) 0 (0)

Two drugs
Isoniazid and rifampicin 7 (35) 7 (35) 0 (0)
4 months 3 (15) 3 (15) 0 (0)
6 months 3 (15) 3 (15) 0 (0)
Unknown duration 1 (5) 1 (5) 0 (0)

Isoniazid and pyrazinamide
9 months 2 (10) 2 (10) 1 (5)

Three drugs
Isoniazid, rifampicin and
pyrazinamide

2 (10) 2 (10) 0 (0)

5 months 1 (5) 1 (5) 0 (0)
6 months 1 (5) 1 (5) 0 (0)

Data presented as n (%).

TABLE 3 Management of contacts diagnosed with LTBI

Contacts

Contacts with newly diagnosed LTBI 62 (100)
Preventive therapy offered 31 (50)
Accepted 18 (29)
Refused 13 (21.0)

Preventive therapy not offered 31 (50)
Chest X-ray surveillance offered 31 (50)#

Accepted¶ 44 (71.0)
Refused 0

Data presented as n (%). LTBI: latent tuberculosis infection. #: isoniazid preventive therapy was commenced
before patients’ drug susceptibility results were known, stopped by clinicians once it was recognised to be
ineffective, and contacts offered chest X-ray surveillance; ¶: including contacts refusing preventive therapy.
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therapy based on the drug-resistance profile of the index patient. Given the high likelihood of MDR in
strains responsible for LTBI among MDR-TB contacts, prophylactic treatment regimens should ideally be
guided by drug susceptibility profiles of M. tuberculosis strains.

Conclusion
This study has characterised the current practice relating to contact investigation for MDR-TB in NSW,
and has shown a high prevalence of LTBI in close contacts of patients with MDR-TB. Further research is
required to shape clinical guidelines relating to the appropriate management of LTBI among MDR-TB
contacts. Attention should be given to identifying strategies that enhance uptake of screening, as well as
chemoprophylaxis to advance the ambitious goal of TB elimination [7].
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