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bacilli are performed for those with sus-
pected active tuberculosis. If active disease is
diagnosed, treatment completion and clin-
ical cure is required before departure.

The Centre for Disease Control, NT
(CDC-NT) screens for LTBI in all refugees,
except those with documented past tubercu-
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ABSTRACT

Objectives:  To assess the prevalence of latent tuberculosis infection (LTBI) in recently 
arrived refugees in the Northern Territory and to obtain comprehensive data for rates of 
treatment acceptance and completion for this condition.
Design, setting and participants:  Prospective data collection and follow-up of all 471 
newly arrived refugees seen at the Centre for Disease Control, NT refugee health clinic 
from February 2006 to January 2009.
Main outcome measures:  Rates of LTBI determined by tuberculin skin testing; 
subsequent assessment and treatment compared with local protocols.
Results:  458 of 465 eligible refugees were adequately assessed for LTBI, of whom 146 
(31.9%) were diagnosed with LTBI. Older age, male sex and World Health Organization 
Eastern Mediterranean region of birth were associated with increased prevalences of LTBI. 
Of the refugees diagnosed with LTBI, 10 failed to attend for follow-up and 15 were not 
offered treatment. Isoniazid therapy was accepted by 93 of 121 refugees (76.9%), and 41 of 
these (44.1%) completed treatment. The most common reasons for discontinuation of 
therapy were medication-related side effects (most often gastrointestinal) and loss to 
follow-up. Increasing age was associated with failure to complete treatment.
Conclusion:  Outcomes of assessment and treatment for LTBI in newly arrived refugees 
in the NT are comparable to those for other target groups screened in developed 
countries. Loss to follow-up caused significant attrition in numbers, but complete data 
were obtained for a large proportion of eligible refugees. Most refugees who are offered 
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treatment for LTBI accept, but less than half complete treatment.
rou
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 nd two billion individuals world-

de have latent tuberculosis infec-
n  ( LTB I ) 1  — tha t  i s ,

asymptomatic infection with Mycobacterium
tuberculosis. Diagnosis of this condition is an
important intervention in tuberculosis con-
trol, as treatment markedly reduces the
potential for dormant infection to progress
to active disease.2 Isoniazid for 6 to 12
months is 60%–90% effective in preventing
this and is generally well tolerated.3 How-
ever, side effects occur, leading to debate
over its appropriateness and the optimal
duration of therapy.4 Moreover, rates of LTBI
treatment completion are low, and targeting
groups who are most at risk of reactivation,
such as refugees, is recommended.5

In the Northern Territory, refugee health
screening on arrival is centralised, as all newly
arriving refugees enter through the capital city,
Darwin. We aimed to assess LTBI prevalence,
and treatment acceptance and completion
among refugees arriving in the NT.

METHODS

Management approach
All refugees aged 11 years and over who are
being considered for entry into Australia
receive health screening, often months
before arrival, including chest x-ray and
clinical review. Sputum smears for acid-fast

losis, at the time of their arrival in Darwin.
Screening is by intradermal injection of
tuberculin purified protein derivative
0.1 mL (tuberculin skin test [TST]). In refu-
gees who are immunocompetent, LTBI is
defined as � 10 mm induration; BCG
vaccination status is not used to adjust the
diagnostic threshold in this high-risk group.
Those with positive results are assessed for
active tuberculosis by chest x-ray and med-
ical review. Our standard treatment for LTBI
is 9 months of daily isoniazid (10–15 mg/kg
in children [� 11 years] and 5 mg/kg in
adults, to a maximum of 300 mg for both)

with pyridoxine (< 5 years, 6.25 mg; 5–11
years, 12.5 mg; > 11 years, 25 mg).6 Patients
receive monthly nursing review throughout
treatment, with self-reported treatment
compliance recorded at each visit. Monthly
serum liver enzyme levels are measured in

nts aged � 35 years and those with risk
rs for liver disease.

 collection
DC-NT Tuberculosis/Leprosy Medical

er prospectively recorded data on all
arrivals seen in the CDC-NT refugee

clinic from 1 February 2006 to 31 January
2009. Demographic information, country of
birth, country of departure, pre-departure
screening results and the outcome of LTBI
assessment, including TST results and treat-
ment outcomes, were included. Results of
screening for malaria, hepatitis B and C,
measles, mumps, rubella, schistosomiasis,
strongyloides and syphilis were also
recorded. Liver enzyme levels, haematolo-
gical and biochemical parameters and preg-
nancy status were noted.

Nine months after the end of the study,
further data were sought from other sources,

including CDC-NT’s paper-based charts and
electronic records, and records from the
Royal Darwin Hospital, including all avail-
able hospital files and electronic radiology
and pathology test results.

Where data were incomplete and a
patient’s current state of residence was
unknown to us, NT refugee support organi-
sations assisted with providing forwarding
locations. All Australian jurisdictional tuber-
culosis control units were then contacted
and asked to provide follow-up information
where available, allowing completion of out-
come data for 10 individuals.

Definition of end points
Outcomes and clinical management were
compared with the recommendations and
protocols of the jurisdiction where manage-
ment was provided. For most patients, care
was provided by the CDC-NT and manage-
ment was compared with NT guidelines.6

These patients were prescribed a 9-month
isoniazid regimen. The CDC-NT’s goal of
� 80% of 9-month doses taken within a 12-
month period was used to define treatment
success. Where treatment was outside the
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NT (three in Western Australia, one in
Queensland), the local definition of treat-
ment completion for that state was used.

Satistical analysis
Summary data were calculated as percent-
ages or median (interquartile range [IQR])
as appropriate. World Health Organization
region of birth, sex and age group were
assessed by multivariate logistic regression
for their ability to predict each of three
binary outcomes: positive TST result;
acceptance of treatment; and treatment
completion. Odds ratios and P values (two-
tailed test; P < 0.05 significant) were calcu-
lated for each category’s effect on the out-
come relative to an arbitrary reference
category. Statistical analysis was performed
using Stata, version 11.0 (StataCorp, Col-
lege Station, Tex, USA).

Ethics approval
Ethics approval was obtained from the
human research ethics committee of the
Menzies School of Health Research, condi-
tional on relevant refugee organisations pro-
viding letters of support.

RESULTS
From 1 February 2006 to 31 January 2009,
the CDC-NT refugee clinic saw 471 refu-
gees, all holding Humanitarian Program
visas. Their demographic characteristics and
aspects of screening on arrival are shown in
Box 1 and Box 2. Three of six WHO regions
were represented, and Burma, the Demo-
cratic Republic of the Congo and Liberia
were the most common countries of birth.
Most refugees were born in the WHO region
of Africa; 81.1% were born in continental
Africa.

Outcomes of assessment and treatment for
all individuals are shown in Box 3. One
refugee required treatment for clinically
active, smear-negative, culture-negative pul-
monary tuberculosis. A further five gave a
history of previously treated active tubercu-
losis, leaving 465 for TST administration.
Seven of these people did not return for TST
reading, leaving 458 of those eligible for
testing (98.5%) adequately screened for LTBI.

Prevalence of LTBI
Of the 458 refugees adequately assessed, 146
(31.9%) were diagnosed with LTBI, while the
remaining 312 returned negative results,
including 246 with readings of zero. For
refugees with non-zero TST results, the
median induration diameter was 12 mm

(IQR, 8–16 mm). The median interval
between arrival in Australia and TST result
was 22 days (IQR, 14–34 days). A higher
prevalence of LTBI was seen among those
born in the WHO Eastern Mediterranean
region, male refugees and older individuals
(Box 4).

Of the 146 refugees diagnosed with LTBI,
135 (92.5%) had chest x-rays available for
review, of whom eight (5.9%) demonstrated
mild abnormalities consistent with healed
tuberculosis — generally, linear scars or
granulomas.

Treatment acceptance
Of 146 refugees diagnosed with LTBI, 10
did not attend follow-up and 15 were
deemed unsuitable for therapy by the treat-
ing clinician; three because of medical
contraindications, seven because of preg-
nancy or breastfeeding, and five who were
considered to be “low risk”. The remaining
121 were offered preventive therapy and 93
(76.9%) accepted, while 28 (23.1%)
refused, or parental consent was not
granted. Refugees from the Eastern Mediter-
ranean area were least likely to accept treat-
ment (Box 4). Daily isoniazid was prescribed
for 89 refugees, while four were prescribed
three times per week directly observed pre-
ventive therapy.

Treatment completion
Of 93 refugees who accepted treatment, 41
(44.1%) met the study end point for treat-
ment completion. Thirty-eight (40.9%) of
these successfully completed a 9-month
course, while three who were treated inter-
state met the study end point by completing
6 months of treatment. Overall, sufficient
doses to complete 6 months of therapy were
taken by 46 refugees (49.5%). Treatment
completion was most often achieved in
younger refugees and refugees from South-
East Asia (Box 4).

No severe adverse reactions, hospitalisa-
tions or deaths occurred during the study
period. The 52 refugees who discontinued
treatment (including 11 who were lost to
follow-up) did so after a median of 55 days
(IQR, 20–88 days). Reasons for discontinu-
ation were medication side effects (30),
patient choice (8) and not restarting after
intercurrent illness or pregnancy (3).
Reported side effects were gastrointestinal
(nausea, vomiting, abdominal pain, ano-
rexia) (12), rash (7), lethargy (6), depression
(3), raised liver enzymes (3), headache (1),
visual symptoms (1) and joint pain (1). One
of the three patients who stopped treatment

due to raised liver enzymes was positive for
hepatitis B surface antigen (hepatitis B e
antigen negative), while none of the 12 who
stopped treatment due to gastrointestinal
side effects was. The mean age of those
ceasing treatment due to medication-related
side effects was significantly greater than for
those completing treatment (27.2 years v 19.8
years; t test, P=0.009).

1 Baseline characteristics of 471 
refugees who underwent health 
screening at the CDC-NT clinic, 1 
Feb 2006 – 31 Jan 2009

Demographic 
characteristics No. (%)

Age, years (median [IQR]) 15 (7–29)

Under 18 years 266 (56.5%)

Female 264 (56.1%)

Known to be pregnant 12 (4.5%)

WHO region of birth

Africa 279 (59.2%)

Eastern Mediterranean 105 (22.3%)

South-East Asia 87 (18.5%)

Country of birth

Bhutan 5 (1.1%)

Burma 63 (13.4%)

Burundi 22 (4.7%)

Côte d’Ivoire 6 (1.3%)

DRC 69 (14.6%)

East Timor 1 (0.2%)

Egypt* 3 (0.6%)

Ethiopia 4 (0.8%)

Ghana 13 (2.8%)

Guinea 3 (0.6%)

India 1 (0.2%)

Kenya 24 (5.1%)

Lebanon 2 (0.4%)

Liberia 73 (15.5%)

Republic of the Congo 1 (0.2%)

Rwanda 3 (0.6%)

Sierra Leone 5 (1.1%)

Somalia* 54 (11.5%)

Sri Lanka 1 (0.2%)

Sudan* 46 (9.8%)

Tanzania 36 (7.6%)

Thailand 16 (3.4%)

Uganda 15 (3.2%)

Zambia 5 (1.1%)

CDC-NT = Centre for Disease Control, Northern 
Territory. DRC = Democratic Republic of the 
Congo. WHO = World Health Organization.  
* Part of continental Africa, but classified as being 
within the WHO Eastern Mediterranean region. ◆
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Overall, 28 refugees were lost to follow-
up, including 21 with LTBI, 11 of whom
had commenced treatment.

DISCUSSION

Our study shows that LTBI treatment com-
pletion was achieved in about half of those
who accepted treatment. Rates of acceptance
and treatment completion were higher
among younger refugees. Importantly, the
group with the lowest rate of treatment
acceptance — refugees from the Eastern
Mediterranean region — also had the high-
est prevalence of LTBI. The most common
reasons for discontinuation of treatment
were medication side effects, most fre-
quently gastrointestinal. All reported side
effects were recognised adverse effects of
isoniazid.

We were able to obtain complete data for
a large proportion of participants owing to
the centralised screening processes in the
NT and the support of refugee organisations
and interstate tuberculosis clinics. However,
significant attrition occurred from loss to
follow-up at various stages of the assessment
and treatment process, contributing to the
finding that only 28% of refugees diagnosed
with LTBI completed therapy.

The prevalence of active tuberculosis
among refugees in this study was relatively
low,7 at 2.1 per 1000 (one refugee in 471),
probably reflecting effective pre-departure
screening and timely assessment on arrival,

and implying little immediate risk of infec-
tion to the general community. However, in
the developed world, most cases of active
tuberculosis result from reactivation of LTBI,
and LTBI is increasingly recognised as an
important reservoir for tuberculosis glo-
bally.8 In Australia, most LTBI diagnoses are
made in foreign-born individuals,9 and refu-
gees are at particularly high risk, as their
exposure often occurs shortly before arrival
in Australia.10 For these reasons, most
developed countries target new immigrants
and refugees for tuberculosis screening on
entry, although approaches vary considera-
bly.11,12

Our finding of LTBI in 31.9% of refugees
is comparable to other Australian data.13,14

It is likely that the association between
increasing age and LTBI reflects cumulative
exposure in highly endemic regions. We
were unable to assess the impact of HIV
infection and BCG vaccination status, which
are potentially important associations. LTBI
prevalence rates in countries of birth are
unknown, but regional prevalences of active
tuberculosis in 2007 were: Africa, 475 cases
per 100 000; Eastern Mediterranean, 139;
and South-East Asia, 280.15 While we found
a higher prevalence of LTBI in refugees from
the Eastern Mediterranean region, most of
these individuals were from Somalia and
Sudan (reflecting recent political unrest),
which had prevalences of active tuberculosis
of 494 and 206 per 100 000, respectively, in
2009.16,17

In 13 of the 15 refugees in our study who
were not offered LTBI treatment, a reasonable
contraindication could be substantiated —
most often age, pregnancy, breastfeeding or
comorbidities. The refusal rate for LTBI treat-
ment in our study (23.1%) is comparable to
previous studies, including the large North
American Tuberculosis Epidemiologic Stud-
ies Consortium (TBESC) study (17.1% over-
all, 23.4% of foreign-born individuals).18

The efficacy of prophylactic isoniazid
increases with treatment adherence.3 The rate
of failure to complete treatment in our study
(55.9%) was similar to the rate in the TBESC
study (52.5%), regardless of overseas-born
status.18 One study in a group that included a
high proportion of overseas-born individuals
found an overall completion rate of 38.6%;19

while others20,21 included high proportions
of immigrants but differed in their assessment
of the effect of being foreign-born. A system-
atic review of studies in the United States and
Canada concluded that individual trials were
inconsistent, but overall results for treatment
completion were suboptimal and few factors
consistently predicted adherence.22 A study
of refugees in Canada23 reported completion
of 6 months of therapy in 69% (24/35),
although few studies have specifically exam-
ined refugee groups.

Qualitative studies of tuberculosis treatment
have demonstrated personal, structural, social
and health-service factors to be important.24

However, few data are available for LTBI treat-
ment. High rates of completion for LTBI treat-

3 Summary of outcomes and numbers of newly arrived 
refugees included at each stage of assessment and 
treatment for latent tuberculosis infection (LTBI)

TST = tuberculin skin test. ◆

471 refugee clinic visits

465 required LTBI screening

1 diagnosed with active tuberculosis;
5 previously treated for active tuberculosis

7 inadequately screened for LTBI

458 adequately screened for LTBI

312 had TST result less than 10 mm

146 diagnosed with LTBI
10 did not return to clinic;
15 not offered treatment

121 offered LTBI treatment

28 declined treatment

93 accepted LTBI treatment

52 failed to complete treatment

41 completed LTBI treatment

2 Overall results for refugees who underwent health 
screening at the CDC-NT clinic, 1 Feb 2006 – 31 Jan 2009

Infectious diseases screening outcomes No. (%)

Pre-departure screening records available 401/471 (85.1%)

Hepatitis B surface antigen positive 42/467 (9.0%)

Hepatitis B surface antibody positive 136/467 (29.1%)

Hepatitis B e antigen positive 15/467 (3.2%)

Hepatitis B core antibody positive 207/467 (44.3%)

Malaria parasites present on thick/thin films 29/471 (6.2%)

Falciparum antigen positive 21/307 (6.8%)

Schistosomiasis antibody titre > 16 108/471 (22.9%)

Other investigations

Median
(interquartile 

range) n

Haemoglobin (g/L) 128 (118–139) 469

White cell count (� 109/L) 6.1 (4.9–8.0) 470

Eosinophil count (� 109/L) 0.3 (0.1–0.5) 470

Vitamin D (μmol/L) 70 (53–87) 202

Calcium (mmol/L) 2.3 (2.23–2.37) 206

CDC-NT = Centre for Disease Control, Northern Territory. ◆
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ment have been attained through cultural
approaches, such as linking case managers to
refugees of the same cultural background.25

Our findings show that timely screening
and treatment of LTBI in refugee groups is
feasible. Measures directed at maintaining con-
tact with refugees after arrival, provision of
culturally and linguistically appropriate sup-
port, better understanding of treatment bar-
riers, and care for individuals with medication-
related side effects are all likely to be effective
strategies for improving treatment completion.
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4 Associations between diagnosis with latent tuberculosis infection (LTBI), acceptance and completion of therapy, and 
refugees’ region of birth, sex and age

Refugees diagnosed with LTBI* Refugees accepting therapy† Refugees completing therapy‡

Exposure variables No. (%) Odds ratio (95% CI) No. (%) Odds ratio (95% CI) No. (%) Odds ratio (95% CI)

WHO region of birth

Africa 73/271 (26.9%) 1.00 55/62 (88.7%) 1.00 23/55 (41.8%) 1.00

Eastern Mediterranean 52/102 (51.0%) 1.98§ (1.17–3.33) 23/41 (56.1%) 0.17§ (0.06–0.49) 8/23 (34.8%) 1.63¶ (0.50–5.27)

South-East Asia 21/85 (24.7%) 0.57 (0.30–1.07) 15/18 (83.3%) 0.72 (0.16–3.29) 10/15 (66.7%) 6.21§ (1.59–24.30)

Sex

Male 73/203 (36.0%) 1.00 46/62 (74.2%) 1.00 23/46 (50.0%) 1.00

Female 73/255 (28.6%) 0.62¶ (0.39–0.96) 47/59 (79.7%) 1.64 (0.65–4.15) 18/47 (38.3%) 0.59 (0.23–1.49)

Age, years

< 5 7/85 (8.2%) 1.00 7/7 (100.0%) 0.98** (0.95–1.02) 6/7 (85.7%) 1.00

5–14 29/151 (19.2%) 2.65¶ (1.10–6.39) 20/25 (80.0%) 12/20 (60.0%) 0.18 (0.02–1.89)

15–34 66/156 (42.3%) 7.95§ (3.38–18.66) 42/55 (76.4%) 15/42 (35.7%) 0.06¶ (0.01–0.57)

� 35 44/66 (66.7%) 22.92§ (8.83–59.51) 24/34 (70.6%) 8/24 (33.3%) 0.04§ (0.00–0.41)

* Expressed as the proportion of all those adequately assessed. † Expressed as the proportion of all those offered therapy. ‡ Expressed as the proportion of all those 
commencing therapy. § P < 0.01. ¶ P < 0.05. ** Odds ratio for each year of increasing age, with age considered as a continuous variable because baseline category is 100%. ◆
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