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ABSTRACT
Introduction  We evaluated the yield of tuberculosis (TB) 
contact investigation in Brunei Darussalam, and identified 
the associated factors for latent TB infection (LTBI) 
diagnosis, as well as for initiating and completing LTBI 
treatment.
Methods  Data were extracted and digitalised for all close 
contacts of pulmonary TB (PTB) cases at the National TB 
Coordinating Centre from January 2009 to December 
2018. Generalising estimating equations logistic regression 
models were used to determine the associated factors. 
Manual matching against electronic health records system 
was done to identify contacts who had progressed to 
active TB disease.
Results  Among 10 537 contacts, 9.9% (n=1047) were 
diagnosed as LTBI, out of which 43.0% (n=450) initiated 
LTBI treatment. Among those who initiated, 74.0% (n=333) 
completed LTBI treatment. Contact factors associated 
with LTBI diagnosis include being male (adjusted OR 
(aOR)=1.18 (95% CI 1.03 to 1.34)), local (aOR=0.70 (95% 
CI 0.56 to 0.88)) and a household contact (aOR=1.59 (95% 
CI 1.26 to 1.99)). Contacts of index cases who were <60 
years old and diagnosed as smear positive PTB (aOR=1.62 
(95% CI 1.19 to 2.20)) had higher odds of being diagnosed 
with LTBI. Local LTBI cases had higher odds of initiating 
LTBI treatment (aOR=1.86 (95% CI 1.26 to 2.73)). Also, 
LTBI cases detected from local (aOR=2.32 (95% CI 1.08 
to 4.97)) and smear positive PTB index cases (aOR=2.23 
(95% CI 1.09 to 4.55)) had higher odds of completing 
LTBI treatment. Among 1047 LTBI cases, 5 (0.5%) had 
progressed to active PTB within 1–8 years post-LTBI 
diagnosis.
Discussion  LTBI burden is disproportionately high 
towards foreign nationals, with higher odds of LTBI 
diagnosis but lower odds of treatment initiation. 
Determining the reasons of not initiating LTBI treatment 
will be useful to help improve LTBI treatment uptake. 
Establishing digital databases and building TB laboratory 
capacity for molecular typing would be useful to determine 
the contribution of LTBI or reactivation towards TB 
incidence in Brunei.

INTRODUCTION
Tuberculosis (TB) still remains a global 
public health concern, with an estimated 
10 million new cases and about 1.2 million 
deaths in 20191 during the pre-COVID-19 
pandemic period. Contact investigation is an 

active case-finding approach that involves the 
systematic evaluation of the contacts of identi-
fied TB patients to identify active TB disease or 
latent TB infection (LTBI).2 The rationale is 
that close contacts are at high risk of TB infec-
tion when compared with the general popula-
tion, and that those exposed to infectious TB 
cases tend to progress to active disease within 
1–2 years postinfection.3 Contacts who tested 
positive for LTBI are being offered preventive 
LTBI treatment, with an aim to eliminate the 
infection before progressing to TB disease.

Brunei Darussalam (population 453 6004) 
is a small Southeast Asian country with a TB 
incidence of 57 per 100 000 population in 
2017.5 Since 2000, the country has imple-
mented the National TB Control Programme, 
with an end goal of eliminating TB by 2050.6 
Following the WHO Stop TB strategy,7 contact 
investigation plays a key role in TB control 
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in Brunei, and is indicated for contacts of TB cases with 
pulmonary or laryngeal disease.

Contact investigations have been evaluated particu-
larly in low TB burden countries like the Netherlands8 
and England,9 where the focus is to detect and treat as 
many LTBI cases as possible. Despite being routinely 
conducted, the yield for TB contact investigation has 
never been evaluated in Brunei; one reason being that 
records were entirely hardcopy-based. Also, under-
standing both the extent and risk factors of developing 
LTBI among contacts may also help us uncover the 
causes of stagnating TB incidence in the country since 
2004.6 Hence, this study aims to: (1) evaluate the contact 
investigation process in Brunei, using established indica-
tors, (2) investigate the associated factors of being diag-
nosed with LTBI among close contacts of pulmonary TB 
(PTB) cases, (3) identify the determinants of LTBI treat-
ment initiation and completion, and lastly, (4) describe 
the LTBI cases who later progressed to active TB disease.

The study findings could be useful to assess the 
outcomes of the current contact investigation process, 
and identify ways for further improvements. Also 
analysing such dataset provides an opportunity to deter-
mine risk factors of LTBI in enclosed settings.

METHODS
Study design and the contact investigation process
We conducted a retrospective cohort study covering 
all registered PTB patients and their close contacts in 
Brunei Darussalam from January 2009 to December 
2018. Data were collected from the National Tuberculosis 
Coordinating Centre (NTCC), a centre within the coun-
try’s Ministry of Health that was established to imple-
ment, monitor, coordinate, and evaluate TB prevention 
and control programmes. Being a notifiable disease 
under Brunei’s Infectious Disease Act,10 it is required 
to report all suspected TB patients identified in either 
public or private healthcare settings to the Ministry of 
Health. Hence, all suspected TB patients in the country 
(including those who visited private clinics and hospitals) 
are referred to NTCC or any of the directly observed treat-
ment, short-course (DOTS) centres located in all four 
districts for diagnosis, treatment and follow-up. NTCC 
and all district DOTS centres also conduct active contact 
tracing for all diagnosed and suspected active PTB cases, 
using the ‘stone in the pond’ principle11 starting with 
higher-risk contacts and expanded further according 
to risk assessment. Source case investigation was also 
conducted for child TB cases under 5 years. During a 
routine contact investigation, the period of inquiry for 
contact exposure starts from 3 months prior to either the 
diagnosis date or date of cough onset (if known). This 
period would be extended if the index case was consid-
ered highly infectious. High-risk close contacts included 
the immediate household members and others who have 
shared accommodation with the index case. Contacts at 
work, leisure or other settings were also screened, based 

on risk assessment conducted during the contact investi-
gation.

Tuberculin Skin Test (TST) was the main test used to 
determine LTBI status and was used to screen all close 
contacts identified during the contact investigation.6 
During periods of purified protein derivative (PPD) 
shortage (between 2015 and 2018), priority was given to 
contacts of smear positive PTB and child TB cases. TST 
positive contacts who were symptomatic were assessed 
by routine investigation (chest X-ray and three consec-
utive sputum collections) to exclude active TB disease. 
When there was no evidence of active TB in TST posi-
tive contacts, they were diagnosed as LTBI and were 
offered LTBI treatment (Isoniazid daily for 6 months). 
They were reviewed by LTBI clinic every 6–8 weeks and 
supplied medications on a monthly basis. This treatment 
was provided free of charge for both local and foreign 
nationals, however, it was not mandatory.

Data collection
Two separate datasets were compiled. First, epidemio-
logical and clinical data from all PTB index cases were 
extracted from the NTCC database. Data collected 
include sociodemographics (age, gender, nationality, 
district of residence), year of diagnosis, and type of PTB. 
The latter (type of PTB) was divided into three catego-
ries: the first two based on sputum smear microscopy 
results (smear positive PTB and smear negative PTB), 
and other PTB which consisted of patients who were 
unable to provide adequate sputum samples and were 
instead diagnosed through other methods (such as radi-
ological imaging, clinical judgement, gastric lavage and 
tissue biopsy). Second, data all close contacts were digi-
talised from available hardcopy records of contact inves-
tigations. The collected data include sociodemographics 
(age, gender, nationality, district of residence), index 
case number, type of contact (household, workplace, 
school or others), dates and results of the first and/
or second TST test. A household contact was defined 
as one who had shared accommodation with the index 
case (hence having the same residential address). For 
contacts diagnosed as LTBI, further data was collected as 
follows: assigned LTBI case number, LTBI diagnosis date, 
LTBI treatment start and end dates, and reasons for not 
completing treatment.

All recent contacts were diagnosed as LTBI when they 
have a TST reading of  ≥10 mm (prior to April 2013) 
or ≥5 mm (after April 2013), following the cut-off values 
before and after the revision of the national TB guide-
lines.6 The revised cut-off value or ≥5 mm was based on 
recommendations by the US Centers of Disease Control 
and Prevention, with the aim of incorporating a risk cate-
gorisation component to the LTBI definition.12 13 A TST 
test was considered to be given if there were records of 
taking a TST test, and/or if a TST test result was recorded. 
Contacts with LTBI were considered as initiated and/or 
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completed their LTBI treatment if a treatment start and/
or end date was recorded.

To identify contacts with LTBI who eventually 
progressed to active TB, manual matching using the name 
and/or national identity card number was performed by 
a clinician (and coauthor) against the Brunei Health 
Information Management System database (Bru-HIMS). 
Bru-HIMS is a comprehensive electronic health record 
system and was used in all government hospitals and 
clinics since 2013.14 If a match was found, information on 
the date of PTB diagnosis, type of PTB and family history 
of TB were collected from Bru-HIMS.

Statistical analysis
This study has three outcomes of interest: (1) the propor-
tion of contacts with LTBI diagnosis (the LTBI yield), (2) 
the proportion of LTBI cases who initiated LTBI treat-
ment and (3) the proportion of contacts who completed 
LTBI treatment. First, each proportion was calculated 
using the following as the denominators: total number of 
contacts tested for LTBI (for proportion 1), total number 
of contacts diagnosed with LTBI (for proportion 2) and 
total number of contacts who were diagnosed with LTBI 
and also initiated LTBI treatment (for proportion 3).

Next, the demographic and clinical determinants for 
both contacts and index were initially assessed using 
independent t-test, χ2 or Fisher’s exact tests, wherever 
appropriate. As multiple contacts were traced from the 
same index case, we used generalising estimating equa-
tions (GEE) logistic regression models to identify associ-
ated factors while accounting for clustered data, using an 
exchangeable correlation matrix. Variables with univar-
iate p values of  <0.2 were included into the multivari-
able analysis. Quasi information criterion (QIC) values 
were used to evaluate models, with smaller QIC values 
indicating better model fit. Variables were subsequently 
removed from multivariable models if they did not have 
an independent association with the outcome, its inclu-
sion increased the QIC value, and/or their exclusion 
did not affect the estimates of other variables. Age and 
gender (of both contact and index cases) were kept in 
multivariable models a priori. All analyses were done 
using R (V.4.1.0)15 and the geepack package.16 A p≤0.05 
was considered as statistically significant.

As GEE analysis requires all missing data to be removed, 
the total number of contacts were different for all such 
analyses in the study. To avoid reporting bias, we opt to 
report the overall proportions of LTBI diagnosis, LTBI 
treatment initiation and completion using the whole 
dataset.

RESULTS
A total of 11 749 contacts from 1088 PTB index cases were 
identified between January 2009 and December 2018. 
Contacts whose index cases who were later diagnosed as 
extrapulmonary TB (261, 2.2%), with no recorded TST 
results (392, 3.3%) and from one outlier case (559, 4.8%) 

were excluded from the study (figure  1). After these 
exclusions, our final dataset consisted of 10 537 contacts 
(89.7%) from 1048 PTB index cases.

Characteristics of index PTB cases and overall contacts
The median age (IQR) of the index PTB cases was 47.0 
years (32 - 62), ranging between 2 and 95 years (table 1). 
The majority were male (671, 64.0%). Their median 
(IQR) number of contacts was 6.0 (3–12), ranging 
between 1 and 101 individuals. The majority were diag-
nosed as smear positive PTB (693, 66.1%).

The median age (IQR) of the contacts was 31.0 
years (19–42), ranging between 6 months and 98 years 
(table  2). The majority were local residents (8597, 
81.6%). About half of them were males (5474, 52.0%), 
residing in Brunei-Muara district (5007, 47.5%) and clas-
sified as household contacts (5192, 49.3%).

Associated factors of LTBI diagnosis among contacts
Among all contacts, 1047 (9.9%) were diagnosed as LTBI. 
Significant differences were observed for all assessed 
characteristics between the LTBI and non-LTBI groups 
(table  2). Multivariable analysis (table  3) showed that 
male contacts had higher odds of being diagnosed with 
LTBI (adjusted OR (aOR)=1.18 (95% CI: 1.03 to 1.34)).

Other contact factors associated with LTBI diag-
nosis are: local residents when compared with foreign 

Figure 1  Study flow chart. EPTB, extrapulmonary TB; 
LTBI, latent TB infection; TB, tuberculosis; TST, Tuberculin 
Skin Test.
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(aOR=0.70 (95% CI 0.56 to 0.88)), contacts who resided 
in Belait (aOR=2.98 (95% CI 2.11 to 4.21)) or Tutong 
(aOR=4.99 (95% CI 3.61 to 6.89)) when compared with 
Brunei-Muara district, and household contacts of the 
index case when compared with workplace contacts 
(aOR=1.59 (95% CI 1.26 to 1.99)).

Contacts of index cases aged <60 years had more than 
twice the odds of being diagnosed with LTBI, when 
compared with those  ≥75 years, table  3). Contacts of 
index cases who were diagnosed as smear positive PTB 
also had higher odds of being diagnosed with LTBI, when 
compared with smear negative PTB (aOR=1.62 (95% CI 
1.19 to 2.20)).

LTBI treatment initiation among contacts diagnosed with LTBI
Among LTBI cases (n=1047), 450 (43.0%) initiated LTBI 
treatment. Significant differences were observed between 
both groups, except for contact’s gender (table 2). Multi-
variable analysis (table 4) revealed that contacts <15 years 
old had at least 78% lower odds of initiating LTBI treat-
ment when compared with those ≥75 years. Also, local 
LTBI cases had higher odds of initiating LTBI treatment, 
when compared with foreign residents (aOR=1.86 (95% 

CI 1.26 to 2.73)). When compared with Brunei-Muara, 
those residing in Temburong district had lower odds of 
initiating LTBI treatment (aOR=0.20 (95% CI 0.07 to 
0.61)).

LTBI treatment completion among contacts who initiated 
treatment
Among those who initiated LTBI treatment (n=450), 
333 (74.0%) completed it. Significant differences for 
contact’s age group, nationality and the year of contact 
investigation were observed between both groups 
(table 2). Multivariable analysis (table 5) showed that 
contacts from index cases of  <15 years old had lower 
odds of completing LTBI treatment when compared 
with those ≥75 years (aOR=0.06 (95% CI 0.02 to 0.22)). 
Also, LTBI cases detected from local (aOR=2.32 (95% 
CI 1.08 to 4.97)) and smear positive PTB index cases 
(aOR=2.23 (95% CI 1.09 to 4.55)) had higher odds of 
completing LTBI treatment. Lastly, the latter half of the 
study period (2014–2018) was positively associated with 
LTBI treatment completion (aOR=1.95 (95% CI 1.10 
to 3.46)).

LTBI cases who progressed to active TB disease
Among 1047 LTBI cases, 5 (0.5%) eventually progressed 
to active PTB within 1–8 years post-LTBI diagnosis. 
Among these five cases, one is a foreign national and 
two had history of TB infection among their household 
members. All five have developed smear-positive PTB 
(out of which only two developed the disease within the 
first 2 years of LTBI diagnosis). All except one had previ-
ously completed LTBI treatment.

DISCUSSION
During the 10-year study period, we found that the preva-
lence of LTBI among all screened contacts was 9.9%. This 
finding is low when compared with that reported from a 
systematic review for high-income settings (28.1%), but 
comparable to that from low TB-burden countries of the 
Netherlands (11%) and among child contacts in England 
(10%).2 8 9 We found that contact factors associated with 
increased odds of LTBI diagnosis include being foreign, 
male, and a household contact of index PTB cases who 
were  <60 years old and diagnosed with smear positive 
PTB. Foreign residents,17 18 household contacts18–20 
and male gender20 21 have previously been shown to be 
at increased risk of LTBI diagnosis. Also, contacts of 
smear positive PTB cases have been previously reported 
as having higher risk of LTBI diagnosis8; cough aerosol 
experiments have showed smear positive PTB cases as a 
risk factor of infectiousness.22

Despite foreign nationals constituting 16.2% of the total 
contact population in our study, their percentage of LTBI 
diagnosis (13.4%) was higher when compared with that 
of the locals (9.4%). This indicates that foreign nationals 

Table 1  Characteristics of the index PTB patients 
registered from 2009 to 2018, Brunei

Patient characteristics (n=1048) n (%)

Median age (IQR) in years 47.0 (32–62)

Age range 2–95

Median no of contacts (IQR) 6.0 (3–12)

Range of contacts 1–101

Age group in 
years

0–14 9 (0.9)

15–29 212 (20.2)

30–44 258 (24.6)

45–59 275 (26.3)

60–74 167 (15.9)

75+ 127 (12.1)

Gender Male 671 (64.0)

Female 377 (36.0)

Nationality Local 814 (77.7)

Foreign 234 (22.3)

District of 
residence

Brunei-Muara 541 (51.6)

Belait 284 (27.1)

Tutong 163 (15.5)

Temburong 61 (5.8)

Year of 
diagnosis

2009–2013 425 (40.5)

2014–2018 623 (59.4)

Type of PTB Smear positive 693 (66.1)

Smear negative 223 (21.3)

Other 132 (12.6)

PTB, pulmonary TB.



Chaw L, et al. BMJ Open Resp Res 2022;9:e001224. doi:10.1136/bmjresp-2022-001224 5

Open access

Ta
b

le
 2

 
C

ha
ra

ct
er

is
tic

s 
of

 c
lo

se
 c

on
ta

ct
s 

re
gi

st
er

ed
 fr

om
 2

00
9 

to
 2

01
8,

 B
ru

ne
i

C
o

nt
ac

t 
ch

ar
ac

te
ri

st
ic

s
To

ta
l n

 (%
)

D
ia

g
no

se
d

 a
s 

LT
B

I

P
 v

al
ue

In
it

ia
te

d
 L

T
B

I t
re

at
m

en
t

P
 v

al
ue

C
o

m
p

le
te

d
 L

T
B

I t
re

at
m

en
t

P
 v

al
ue

Ye
s 

n 
(%

)
N

o
 n

 (%
)

Ye
s 

n 
(%

)
N

o
 n

 (%
)

Ye
s 

n 
(%

)
N

o
 n

 (%
)

To
ta

l
10

 5
37

10
47

 (9
.9

)
94

90
 (9

0.
1)

45
0 

(4
3.

0)
59

7 
(5

7.
0)

33
3 

(7
4.

0)
11

7 
(2

6.
0)

M
ed

ia
n 

co
nt

ac
t 

ag
e 

(IQ
R

)
31

.0
 (1

9–
42

)
33

.0
 (2

3–
44

)
30

.0
 (1

8–
42

)
<

0.
00

1
35

.0
 (2

5–
46

)
31

.0
 (2

1.
3–

43
.0

)
<

0.
00

1
35

.0
 (2

5–
48

)
32

.0
 (2

5–
40

)
0.

06

A
ge

 r
an

ge
 (y

ea
rs

)
0.

5 
to

 9
8

0.
5 

to
 9

8
0.

5 
to

 9
1

0.
5 

to
 8

6
0.

5 
to

 9
8

0.
5 

to
 8

6
0.

5 
to

 7
1

A
ge

 g
ro

up
 

(y
ea

rs
)

0–
5

31
8 

(3
.0

)
36

 (3
.4

)
28

2 
(3

.0
)

<
0.

00
1

7 
(1

.5
)

29
 (4

.9
)

<
0.

00
1

4 
(1

.2
)

3 
(2

.6
)

0.
02

5–
14

12
56

 (1
1.

9)
84

 (8
.1

)
11

72
 (1

2.
3)

21
 (4

.7
)

63
 (1

0.
5)

18
 (5

.5
)

3 
(2

.6
)

15
–2

9
30

90
 (2

9.
3)

30
9 

(2
9.

5)
27

81
 (2

9.
3)

14
1 

(3
1.

3)
16

8 
(2

8.
1)

98
 (2

9.
4)

43
 (3

6.
7)

30
–4

4
30

23
 (2

8.
7)

33
2 

(3
1.

7)
26

91
 (2

8.
3)

14
3 

(3
1.

8)
18

9 
(3

1.
7)

98
 (2

9.
4)

45
 (3

8.
4)

45
–5

9
16

56
 (1

5.
7)

19
9 

(1
9.

0)
14

57
 (1

5.
4)

10
0 

(2
2.

2)
99

 (1
6.

6)
84

 (2
5.

2)
16

 (1
3.

7)

60
–7

4
37

9 
(3

.6
)

36
 (3

.4
)

34
3 

(3
.6

)
17

 (3
.8

)
19

 (3
.2

)
14

 (4
.2

)
3 

(2
.6

)

75
+

85
 (0

.8
)

11
 (1

.1
)

74
 (0

.8
)

8 
(1

.8
)

3 
(0

.5
)

8 
(2

.4
)

0 
(0

.0
)

M
is

si
ng

73
0 

(6
.9

)
40

 (3
.8

)
69

0 
(7

.3
)

13
 (2

.9
)

27
 (4

.5
)

9 
(2

.7
)

4 
(3

.4
)

G
en

d
er

M
al

e
54

74
 (5

2.
0)

61
0 

(5
8.

3)
48

64
 (5

1.
2)

<
0.

00
1

26
1 

(5
8.

0)
34

9 
(5

8.
5)

0.
97

18
4 

(5
5.

3)
77

 (6
5.

8)
0.

05

Fe
m

al
e

50
34

 (4
7.

7)
43

6 
(4

1.
6)

45
98

 (4
8.

5)
18

8 
(4

1.
8)

24
8 

(4
1.

5)
14

9 
(4

4.
7)

39
 (3

3.
3)

M
is

si
ng

29
 (0

.3
)

1 
(0

.1
)

28
 (0

.3
)

1 
(0

.2
)

0 
(0

)
0 

(0
.0

)
1 

(0
.9

)

N
at

io
na

lit
y

Lo
ca

l
85

97
 (8

1.
6)

80
9 

(7
7.

3)
77

88
 (8

2.
0)

<
0.

00
1

37
5 

(8
3.

3)
43

4 
(7

2.
7)

<
0.

00
1

29
0 

(8
7.

1)
85

 (7
2.

6)
<

0.
00

1

Fo
re

ig
n

17
06

 (1
6.

2)
22

9 
(2

1.
9)

14
77

 (1
5.

6)
75

 (1
6.

7)
15

4 
(2

5.
8)

43
 (1

2.
9)

32
 (2

7.
4)

M
is

si
ng

23
4 

(2
.2

)
9 

(0
.8

)
22

5 
(2

.4
)

0 
(0

)
9 

(1
00

)
0 

(0
.0

)
0 

(0
.0

)

D
is

tr
ic

t 
of

 
re

si
d

en
ce

B
ru

ne
i-

M
ua

ra
50

07
 (4

7.
5)

25
9 

(2
4.

7)
47

48
 (5

0.
0)

<
0.

00
1

11
9 

(2
6.

4)
14

0 
(2

3.
4)

0.
01

85
 (2

5.
5)

34
 (2

9.
1)

0.
91

B
el

ai
t

31
32

 (2
9.

7)
42

0 
(4

0.
1)

27
12

 (2
8.

6)
18

0 
(4

0.
0)

24
0 

(4
0.

2)
13

5 
(4

0.
6)

45
 (3

8.
5)

Tu
to

ng
17

88
 (1

7.
0)

33
5 

(3
2.

0)
14

53
 (1

5.
3)

14
6 

(3
2.

5)
18

9 
(3

1.
7)

10
9 

(3
2.

7)
37

 (3
1.

6)

Te
m

b
ur

on
g

61
0 

(5
.8

)
33

 (3
.2

)
57

7 
(6

.1
)

5 
(1

.1
)

28
 (4

.7
)

4 
(1

.2
)

1 
(0

.8
)

Ty
p

e 
of

 c
on

ta
ct

H
ou

se
ho

ld
51

92
 (4

9.
3)

54
0 

(5
1.

6)
46

52
 (4

9.
0)

0.
02

24
0 

(5
3.

3)
30

0 
(5

0.
2)

0.
04

17
9 

(5
3.

8)
61

 (5
2.

1)
0.

07

W
or

kp
la

ce
38

53
 (3

6.
6)

38
4 

(3
6.

7)
34

69
 (3

6.
5)

16
4 

(3
6.

5)
22

0 
(3

6.
8)

11
9 

(3
5.

7)
45

 (3
8.

5)

S
ch

oo
l

96
9 

(9
.2

)
76

 (7
.2

)
89

3 
(9

.4
)

35
 (7

.8
)

41
 (6

.9
)

29
 (8

.7
)

6 
(5

.1
)

O
th

er
s

25
5 

(2
.4

)
31

 (3
.0

)
22

4 
(2

.4
)

5 
(1

.1
)

26
 (4

.4
)

1 
(0

.3
)

4 
(3

.4
)

M
is

si
ng

26
8 

(2
.5

)
16

 (1
.5

)
25

2 
(2

.7
)

6 
(1

.3
)

10
 (1

.7
)

5 
(1

.5
)

1 
(0

.9
)

Ye
ar

 o
f 

d
ia

gn
os

is
20

09
–1

3
46

09
 (4

3.
7)

55
3 

(5
2.

8)
40

56
 (4

2.
7)

<
0.

00
1

20
7 

(4
6.

0)
34

6 
(5

8.
0)

<
0.

00
1

13
7 

(4
1.

1)
70

 (5
9.

8)
<

0.
00

1

20
14

–1
8

59
28

 (5
6.

3)
49

4 
(4

7.
2)

54
34

 (5
7.

3)
24

3 
(5

4.
0)

25
1 

(4
2.

0)
19

6 
(5

8.
9)

47
 (4

0.
2)

LT
B

I, 
la

te
nt

 T
B

 in
fe

ct
io

n.



6 Chaw L, et al. BMJ Open Resp Res 2022;9:e001224. doi:10.1136/bmjresp-2022-001224

Open access

were highly and disproportionately affected by LTBI. 
Yet, they also have significantly lower odds of initiating 
LTBI treatment, which could be due to costs associated 
with it. Although the actual treatment regime is offered 
to all LTBI cases and provided without payment, foreign 
nationals are required to pay for follow-up laboratory 

tests and consultations as part of the treatment moni-
toring process. These costs, and that LTBI treatment are 
not mandatory, make it less likely for foreign nationals 
to comply. Although it is not legally required, there are 
cases where certain employers chose to terminate employ-
ment contracts for foreign workers diagnosed with LTBI. 

Table 3  Factors associated with LTBI diagnosis among close contacts from 2009 to 2018, Brunei (n=9387 out of 10 537 
(89.1%))

LTBI (n=982) 
n (%)

Non-LTBI 
(n=8405) n (%) Crude OR 95% CI Adjusted OR 95% CI

Contact factors

Age group 
(years)

0–5 33 (3.4) 247 (2.9) 0.92 0.41 to 2.06 0.89 0.38 to 2.08

5–14 80 (8.1) 1081 (12.9) 0.60 0.29 to 1.23 0.57 0.27 to 1.21

15–29 305 (31.1) 2704 (32.2) 0.82 0.42 to 1.62 0.82 0.40 to 1.68

30–44 323 (32.9) 2580 (30.7) 0.87 0.44 to 1.71 0.85 0.42 to 1.74

45–59 194 (19.7) 1399 (16.7) 0.96 0.49 to 1.91 0.95 0.46 to 1.95

60–74 36 (3.7) 323 (3.8) 0.83 0.40 to 1.71 0.82 0.38 to 1.76

75+ 11 (1.1) 71 (0.8) 1 1

Gender Male 582 (59.3) 4315 (51.3) 1.19 1.06 to 1.34 1.18 1.03 to 1.34

Female 400 (40.7) 4090 (48.7) 1 1

Nationality Local 776 (79.0) 7162 (85.2) 0.71 0.57 to 0.89 0.70 0.56 to 0.88

Foreign 206 (21.0) 1243 (14.8) 1 1

District of 
residence

Brunei-Muara 219 (22.3) 3978 (47.3) 1 1

Belait 404 (41.1) 2556 (30.4) 2.89 2.08 to 4.02 2.98 2.11 to 4.21

Tutong 327 (33.3) 1391 (16.6) 4.61 3.36 to 6.33 4.99 3.61 to 6.89

Temburong 32 (3.3) 480 (5.7) 1.25 0.69 to 2.25 1.28 0.73 to 2.24

Type of contact Household 521 (53.0) 4324 (51.5) 1.10 0.89 to 1.36 1.59 1.26 to 1.99

Workplace 366 (37.3) 3077 (36.6) 1 1

School 64 (6.5) 809 (9.6) 0.65 0.35 to 1.20 0.82 0.48 to 1.39

Others 31 (3.2) 195 (2.3) 0.92 0.47 to 1.81 1.29 0.66 to 2.53

Index factors

Age group 
(years)

0–14 16 (1.6) 95 (1.1) 2.18 1.00 to 4.74 2.57 1.09 to 6.05

15–29 225 (22.9) 2118 (25.2) 1.29 0.87 to 1.90 2.02 1.35 to 3.00

30–44 303 (30.9) 2214 (26.3) 1.67 1.13 to 2.47 2.32 1.55 to 3.46

45–59 280 (28.5) 2042 (24.3) 1.53 1.04 to 2.24 2.10 1.43 to 3.08

60–74 87 (8.9) 1123 (13.4) 0.90 0.57 to 1.44 1.13 0.73 to 1.75

75+ 71 (7.2) 813 (9.7) 1 1

Gender Male 714 (72.7) 5577 (66.4) 1.27 0.99 to 1.63 1.20 0.94 to 1.53

Female 268 (27.3) 2828 (33.6) 1 1

Type of PTB Smear positive 760 (77.4) 5618 (66.9) 1.63 1.17 to 2.27 1.62 1.19 to 2.20

Smear negative 120 (12.2) 1625 (19.3) 1 1

Other 102 (10.4) 1162 (13.8) 0.94 0.61 to 1.46 0.82 0.53 to 1.26

Nationality Local 800 (81.5) 7030 (83.6) 0.92 0.69 to 1.23

Foreign 182 (18.5) 1375 (16.4) 1

Year of 
diagnosis

2009–13 521 (53.1) 3634 (43.2) 1 1

2014–18 461 (46.9) 4771 (56.8) 0.65 0.52 to 0.82 0.81 0.65 to 1.02

Bold values indicate statistically significant results
LTBI, latent TB infection; PTB, pulmonary TB.
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In Brunei, such termination is required only for those 
diagnosed with active TB disease.23 24 As contacts with 
LTBI diagnosis were not actively followed up after being 
offered LTBI treatment, its extent towards treatment 
initiation is unclear.

It should be noted that foreign workers are routinely 
screened with chest X-ray only to identify TB lesions on 
their entry into Brunei. These workers tend to come 
from high TB-burden countries; foreign nationals 
constituted 28.0% of Brunei’s work force, with a 

Table 4  Factors associated with LTBI treatment initiation among contacts diagnosed with LTBI from 2009 to 2018, Brunei 
(n=982 out of 1047 (93.8%))

LTBI treatment 
initiated (n=430)
n (%)

LTBI treatment 
not initiated 
(n=552) n (%) Crude OR 95% CI

Adjusted 
OR 95% CI

Contact factors

Age group 
(years)

0–5 7 (1.6) 26 (4.7) 0.29 0.07 to 1.17 0.17 0.04 to 0.81

5–14 21 (4.9) 59 (10.7) 0.30 0.09 to 1.02 0.22 0.05 to 0.87

15–29 141 (32.8) 164 (29.7) 0.76 0.24 to 2.48 0.67 0.18 to 2.54

30–44 140 (32.5) 183 (33.2) 0.64 0.20 to 2.06 0.58 0.15 to 2.19

45–59 96 (22.3) 98 (17.8) 0.81 0.25 to 2.68 0.77 0.20 to 3.00

60–74 17 (4.0) 19 (3.4) 0.74 0.20 to 2.75 0.49 0.11 to 2.15

75+ 8 (1.9) 3 (0.5) 1 1

Gender Male 254 (59.1) 328 (59.4) 1.08 0.84 to 1.40 1.18 0.90 to 1.54

Female 176 (40.9) 224 (40.6) 1 1

Nationality Local 361 (84.0) 415 (75.2) 1.57 1.11 to 2.23 1.86 1.26 to 2.73

Foreign 69 (16.0) 137 (24.8) 1 1

District of 
residence

Brunei-Muara 107 (24.9) 112 (20.3) 1 1

Belait 176 (40.9) 228 (41.3) 0.80 0.53 to 1.20 0.83 0.54 to 1.28

Tutong 142 (33.0) 185 (33.5) 0.75 0.49 to 1.15 0.72 0.46 to 1.13

Temburong 5 (1.2) 27 (4.9) 0.25 0.09 to 0.73 0.20 0.07 to 0.61

Type of contact Household 235 (54.7) 286 (51.8) 1.05 0.72 to 1.54 1.15 0.74 to 1.79

Workplace 159 (37.0) 207 (37.5) 1 1

School 31 (7.2) 33 (6.0) 1.13 0.40 to 3.26 1.23 0.43 to 3.54

Others 5 (1.1) 26 (4.7) 0.44 0.14 to 1.41 0.38 0.11 to 1.26

Index factors

Age group 
(years)

0–14 9 (2.1) 7 (1.3) 0.93 0.16 to 5.32 1.07 0.21 to 5.43

15–29 98 (22.8) 127 (23.0) 0.82 0.45 to 1.46 0.89 0.48 to 1.65

30–44 131 (30.5) 172 (31.1) 0.85 0.48 to 1.52 1.02 0.56 to 1.86

45–59 110 (25.5) 170 (30.8) 0.72 0.40 to 1.29 0.72 0.39 to 1.34

60–74 48 (11.2) 39 (7.1) 1.10 0.55 to 2.18 1.46 0.72 to 2.94

75+ 34 (7.9) 37 (6.7) 1 1

Gender Male 304 (70.7) 410 (74.3) 0.91 0.64 to 1.31 0.99 0.67 to 1.47

Female 126 (29.3) 142 (25.7) 1 1

Type of PTB Smear positive 334 (77.6) 426 (77.2) 1.15 0.71 to 1.85

Smear negative 48 (11.2) 72 (13.0) 1

Other 48 (11.2) 54 (9.8) 1.18 0.61 to 2.25

Nationality Local 362 (84.2) 438 (79.3) 1.36 0.89 to 2.06

Foreign 68 (15.8) 114 (20.7) 1

Year of 
diagnosis

2009–13 198 (46.0) 323 (58.5) 1 1

2014–18 232 (54.0) 229 (41.5) 1.43 1.03 to 1.99 1.39 0.98 to 1.98

Bold values indicate statistically significant results
LTBI, latent TB infection; PTB, pulmonary TB.
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significant proportion employed as low-skilled workers 
in construction, wholesale and retail trade.25 As TST 
is unable to distinguish between recent or past infec-
tion, it is probable that LTBI detected during contact 
investigations may not be attributed to the particular 
index case. However, history of BCG vaccination for 
both locals and foreign nationals are unlikely to differ 
as Brunei (like many parts of the world) routinely 

provides BCG vaccination at birth, with population 
coverage >95% since the early 2000s.5 Thus, history of 
vaccine uptake should not be a factor to withhold TST.3 
Providing LTBI screening and treatment for foreign 
workers at entry would be an important step towards 
TB elimination.26

In addition, we found that the adjusted odds of being 
diagnosed with LTBI was increased by 2–3 times if the 

Table 5  Factors associated with LTBI treatment completion among close contacts who initiated LTBI treatment from 2009 to 
2018, Brunei (n=430 out of 450 (95.6%))

LTBI treatment 
completed 
(n=319), n (%)

LTBI treatment 
not completed 
(n=111), n (%) Crude OR 95% CI

Adjusted 
OR 95% CI

Contact factors

Age group 
(years)

0–14 22 (6.9) 6 (5.4) 0.47 0.09 to 2.45 0.34 0.04 to 2.82

15–29 98 (30.7) 43 (38.7) 0.30 0.07 to 1.23 0.29 0.05 to 1.84

30–44 97 (30.4) 43 (38.7) 0.27 0.07 to 1.05 0.24 0.04 to 1.44

45–59 80 (25.1) 16 (14.5) 0.49 0.12 to 2.01 0.53 0.08 to 3.41

60+ 22 (6.9) 3 (2.7) 1 1

Gender Male 180 (56.4) 74 (66.7) 0.73 0.48 to 1.13 0.88 0.52 to 1.50

Female 139 (43.6) 37 (33.3) 1 1

Nationality Local 279 (87.5) 82 (73.9) 2.50 1.32 to 4.74

Foreign 40 (12.5) 29 (26.1) 1

District of 
residence

Brunei-Muara 77 (24.1) 30 (27.0) 1

Belait 131 (41.1) 45 (40.6) 1.23 0.68 to 2.22

Tutong 107 (33.5) 35 (31.5) 1.32 0.73 to 2.40

Temburong 4 (1.3) 1 (0.9) 1.66 0.18 to 15.51

Type of contact Household 178 (55.8) 57 (51.4) 1.30 0.73 to 2.31

Workplace 115 (36.1) 44 (39.6) 1

School 25 (7.8) 6 (5.4) 1.81 0.53 to 6.18

Others 1 (0.3) 4 (3.6) 0.30 0.03 to 3.02

Index factors

Age group 
(years)

0–14 3 (1.0) 6 (5.4) 0.05 0.01 to 0.17 0.06 0.02 to 0.22

15–29 68 (21.3) 30 (27.0) 0.20 0.05 to 0.71 0.30 0.08 to 1.19

30–44 98 (30.7) 33 (29.8) 0.28 0.08 to 1.02 0.45 0.11 to 1.78

45–59 83 (26.0) 27 (24.3) 0.32 0.09 to 1.19 0.37 0.09 to 1.49

60–74 36 (11.3) 12 (10.8) 0.34 0.09 to 1.33 0.35 0.09 to 1.45

75+ 31 (9.7) 3 (2.7) 1 1

Gender Male 216 (67.7) 88 (79.3) 0.65 0.36 to 1.19 0.75 0.41 to 1.38

Female 103 (32.3) 23 (20.7) 1 1

Type of PTB Smear positive 262 (82.1) 72 (64.9) 1.82 0.90 to 3.66 2.23 1.09 to 4.55

Smear negative 31 (9.7) 17 (15.3) 1 1

Other 26 (8.2) 22 (19.8) 0.53 0.20 to 1.37 0.73 0.25 to 2.13

Nationality Local 282 (88.4) 80 (72.1) 2.88 1.51 to 5.50 2.32 1.08 to 4.97

Foreign 37 (11.6) 31 (27.9) 1 1

Year of 
diagnosis

2009–2013 131 (41.1) 67 (60.4) 1 1

2014–2018 188 (58.9) 44 (39.6) 1.70 1.01 to 2.86 1.95 1.10 to 3.46

Bold values indicate statistically significant results.
PTB, pulmonary TB.
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contact resided in Belait and Tutong districts, when 
compared with Brunei-Muara. This finding could be 
explained by operational challenges that is prevalent in 
the latter district. Brunei-Muara is the most populated 
district where 69.7% of the country’s population reside.4 
Also, TB health officers/doctors from Brunei-Muara are 
also responsible to man the DOTS clinic at Temburong 
district. Such issues were minimal when compared with 
both Belait and Tutong districts with smaller catchment 
populations. Hence, human resource constraints to keep 
hardcopy records of certain contact investigations were 
possible. Also, the DOTS clinic at Brunei-Muara was 
the only clinic affected with relocation twice during the 
study period; relevant hardcopy records could be lost 
during these relocations. Digitalising future records from 
contact investigations into a database is one feasible and 
effective way to address this issue.

Interestingly, we observed that index factors play a more 
significant role with regards to LTBI treatment comple-
tion. LTBI cases detected from younger index cases (<15 
years old) had lower adjusted odds of completing LTBI 
treatment. One possible explanation could be the lower 
perceived severity, as presenting symptoms of younger PTB 
cases tend to be less severe when compared with adults.27 
Contacts of younger PTB cases may assume that it is not 
necessary to complete LTBI treatment based on the assump-
tion that their index case was not very infectious. However, 
it should be noted that there are only nine index cases of 
ages <15 years, indicating that this result should be treated 
with caution. Alternate versions of the same model were 
analysed (collapsing age groups and treating age as numeric 
variable) but we decided to use this version due to its lower 
QICu value. In a similar manner, perceived severity of the 
disease (again possibly based on presenting symptoms and/
or initial stay at an isolation centre of the index case) could 
possibly explain significantly high odds of completing LTBI 
treatment for contacts of smear positive PTB index cases. 
Patients were not generally informed about their smear 
positive status (unless inquired by the patient). Also, higher 
adjusted odds of LTBI treatment completion for contacts of 
local PTB index could indicate high compliance due to low 
barriers for treatment completion; Presumably majority of 
the contacts of local PTB index cases are locals themselves, 
and are therefore eligible for treatment and follow-up labo-
ratory tests at no monetary cost. Lastly, higher LTBI treat-
ment completion rates for the latter half of the study period 
(2014–2018) is mainly due to the strengthening of the whole 
programme after the national TB guideline revision in 2013, 
which has led to a more systematic and dedicated approach 
towards LTBI patient counselling and follow-up.

In our study, five LTBI patients (0.5%) progressed to active 
TB, a proportion similar to a national database-linkage study 
in Taiwan.28 However, we believe that this progression may 
not be entirely attributable to TB reactivation, as all except 
one have completed their full course of LTBI treatment and 
were otherwise healthy individuals with no co-morbidities. 
Also, two in five patients developed active TB disease within 
the first 2 years of LTBI, the time period with the highest risk 

of reactivation.29 Rather, subsequent reinfection could be 
more probable. Household members of two LTBI patients 
had prior history of PTB infection after they themselves 
have completed LTBI treatment. These repeated significant 
exposures within the household may possibly lead to rein-
fection. Further studies that include molecular typing of 
Mycobacterium tuberculosis strains will be needed to investigate 
this hypothesis.

This study has a number of limitations. First, contact 
tracing data was retrospectively extracted from hardcopy 
records and manually entered into an excel sheet. Hence, 
data entry errors were possible. Efforts were made to mini-
mise this, including initial checks among data entry staff 
to ensure completeness, and further checks to clarify and 
remove duplicate entries. Second, we could not account for 
(and also unable to assess the impact of) possible missing 
information resulting from either the lack of data recording 
or loss of hardcopy records during relocation. Third, the 
nature of the dataset (where there is a separate set of cases 
and contacts) makes it difficult to evaluate the yield of active 
TB cases from contact investigations. This percentage is 
likely to be very low based on field experience, similar to 
reports from other countries.2 Fourth, as LTBI diagnosis in 
this study relied solely on TST screening, the extent of this 
screening on routine contact investigations could be limited 
during periods of PPD supply shortage. Such shortage 
occurred in Brunei between 2015 and 2018 and and also at 
a global level3 30 and has led to restrictions on LTBI testing 
for only contacts of smear positive PTB and child TB cases. 
Despite these restrictions, the proportion of LTBI diagnosis 
across settings remain quite constant and consistent when 
compared with 2009–2013, except for settings other than 
household, workplaces and schools. Interferon-γ release 
assays could be considered as an alternative during periods 
of global PPD supply disruption. Either tests are recom-
mended for LTBI testing by the WHO,3 although both tests 
have their own imperfections and have limited evidence for 
the predicting progression to active TB disease.31 Lastly, our 
findings on the proportion of LTBI cases who progressed to 
active TB disease may not accurately reflect the true number, 
as the matching process was performed manually and some 
cases may have been missed or not taken into account. Estab-
lishing a centralised national TB database will be a helpful 
platform to conduct similar studies in the future.

In conclusion, we found that 9.9% (n=1047) of all 
contacts of PTB index cases identified during the 10-year 
study period were diagnosed as LTBI, out of which only 
43.0% (n=450) initiated LTBI treatment. Among those who 
initiated, 74.0% of them completed LTBI treatment. LTBI 
burden is disproportionately high towards foreign nationals, 
with higher odds of LTBI diagnosis but lower odds of LTBI 
treatment initiation. Determining the reasons of not initi-
ating LTBI treatment would help the programme to strate-
gise ways to improve LTBI treatment uptake. If these reasons 
are related to monetary costs, discussions to include LTBI 
treatment as part of foreign workers’ insurance coverage 
could possibly be initiated. Also, starting a digital linkage 
database between cases and contacts will be helpful to better 
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evaluate the number of contacts who progressed towards 
active TB disease, and also to monitor the impact of contact 
investigation in the local context. Molecular typing would be 
useful to determine the risk of LTBI reactivation vs reinfec-
tion among LTBI cases, particularly within enclosed settings.
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