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ABSTRACT
Background and objectives: The effects of active case finding (ACF) models that mobilise community
networks for early identification and treatment of tuberculosis (TB) remain unknown. We investigated and
compared the effect of community-based ACF using a seed-and-recruit model with one-off roving ACF
and passive case finding (PCF) on the time to treatment initiation and identification of bacteriologically
confirmed TB.
Methods: In this retrospective cohort study conducted in 12 operational districts in Cambodia, we
assessed relationships between ACF models and: 1) the time to treatment initiation using Cox proportional
hazards regression; and 2) the identification of bacteriologically confirmed TB using modified Poisson
regression with robust sandwich variance.
Results: We included 728 adults with TB, of whom 36% were identified via the community-based ACF
using a seed-and-recruit model. We found community-based ACF using a seed-and-recruit model was
associated with shorter delay to treatment initiation compared to one-off roving ACF (hazard ratio 0.81,
95% CI 0.68–0.96). Compared to one-off roving ACF and PCF, community-based ACF using a seed-andrecruit model was 45% ( prevalence ratio (PR) 1.45, 95% CI 1.19–1.78) and 39% (PR 1.39, 95% CI
0.99–1.94) more likely to find and detect bacteriologically confirmed TB, respectively.
Conclusion: Mobilising community networks to find TB cases was associated with early initiation of TB
treatment in Cambodia. This approach was more likely to find bacteriologically confirmed TB cases,
contributing to the reduction of risk of transmission within the community.
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Introduction
The ambitious targets set by the World Health Organization (WHO) in the End TB Strategy calls for all
people with tuberculosis (TB) to be diagnosed, treated and notified. However, it was estimated that 27% of
the TB cases globally were undiagnosed in 2018 [1]. Cambodia is a high TB burden country, with an
estimated incidence of active TB of 302 (95% CI 169–473) per 100 000 population in 2018 [1, 2]. In the
same year, more than a third of the people with TB in Cambodia were estimated to be undiagnosed [2].
People with TB may have healthcare seeking delays due to limited access to care, financial constraints,
geographical barriers, poor community support and/or stigma [3–5]. Prolonged delays to TB diagnosis and
treatment, and the burden of undiagnosed cases in the community continue to perpetuate transmission of
the infection as TB is an airborne disease [6]. Furthermore, it continues to contribute to the current TB
burden and pose a great challenge to TB elimination efforts globally [7, 8]. Additionally, it was estimated
that 60% of Cambodia’s population were latently infected with TB in 2014 (i.e. presence of bacteria but
not symptoms) [9]. As the population ages, the prevalence of active TB is projected to increase to 33% in
the next decade [10]. It is thus pertinent to reach TB affected individuals, and ensure prompt linkage to
diagnosis and effective treatment to break the cycle of TB transmission.
The National Tuberculosis Programme (NTP) in Cambodia has since recalibrated its focus to find the
missing cases, and promptly link them to care and treatment [11], especially among key affected
populations (KAPs) that are at disproportionate risk of TB [12]. In Cambodia, the KAP for TB was
identified as people aged ⩾55 years, people living with HIV, people with diabetes, prisoners, close contacts
of people with bacteriologically confirmed TB and people who abuse drugs [13]. Under the default set-up
of the national health system and NTP structure, people with TB who present themselves to the public
health facilities will be duly managed and notified to the NTP. This status quo model, termed passive case
finding (PCF), relies on people with TB to self-initiate care-seeking, and the capacity of the health facilities
to screen and diagnose TB. However, PCF has been shown to be inadequate in finding the missing TB
cases in the community [14]. To effectively reach the affected communities, TB active case finding (ACF)
activities have been designed and implemented at scale by the NTP and partner civil society organisations
in recent years. One attempt at ACF has undertaken a mass screening approach using mobile diagnostic
modalities. This is a one-off model and roves from one community to another. A screening session is
organised and advertised in the community; target populations ( persons aged ⩾55 years) and other
presumptive TB cases are invited to visit the screening site on a specific day. The model has been reported
to increase the yield of TB diagnoses two-fold compared with trend-expected notifications and improve
treatment outcomes by promptly linking screen-positive individuals to care [15].
The modus operandi of another ACF model focuses on the mobilisation of community networks using a
seed-and-recruit approach to find and refer presumptive TB cases to public health facilities for TB
screening and diagnosis. The model has been reported to be well-received and deemed feasible by the
beneficiaries and key stakeholders [16]. A similar patient-led case-finding model implemented in the
Democratic Republic of Congo has shown to increase the yield of TB diagnoses by 42% [17]. Despite
moderate evidence that ACF strategies can detect cases earlier [3, 18, 19], whether ACF results in earlier
diagnosis and treatment initiation remains inconclusive primarily due to the variability in the
implementation, hence requiring further investigation [20].
The infectivity of TB is positively correlated with sputum smear status; individuals with sputum
smear-positive TB are more infectious than those with smear-negative TB [21]. Therefore, it is pertinent to
diagnose and treat people with TB, especially smear-positive cases, to decrease the period of infectivity and
halt transmission. This study aimed to investigate the relationships between TB case finding models and
the time from the onset of symptoms to TB treatment initiation and bacteriologically confirmed TB in
Cambodia.

Methods
Study population
We conducted a retrospective cohort study among people diagnosed with TB aged ⩾18 years between
February and September 2019 in 12 operational districts (ODs) in 10 provinces across Cambodia. This
study was nested within 100 health centres, which were selected with a probability proportional to size (by
the total population served by each health centre) sampling without replacement from the sampling frame
of 143 health centres in the 12 ODs. Potential study participants were screened by either of the three TB
case finding approaches.
TB screening and diagnosis during case finding activities
For the community-based ACF with a seed-and-recruit model, lay counsellors (TB survivors pre-identified
by the project team) acted as focal points at the local health centres to identify seeds in the community
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(other TB survivors and their family members, and other key informants in the community), screen
presumptive TB using a symptom assessment questionnaire [12], and train seeds and recruiters to find
other presumptive TB in the community in a snowball manner. Presumptive TB cases that exhibited
symptoms compatible with TB [12] were further assessed by a nurse practitioner in the health centre for
TB workup. The bacteriological status of presumptive TB was determined at the health centres by either
smear microscopy (for members of the general population) or GeneXpert MTB/RIF (for TB KAPs). The
bacteriological status of study participants who self-presented to the health centre (PCF) was similarly
determined. For the one-off roving ACF, the mass screening event was made known to the members of
the community, especially among the target population ( people aged ⩾55 years). Individuals who visited
the event were screened using a TB symptom questionnaire and chest radiography. The bacteriological
status of individuals with an abnormal chest radiograph was determined using GeneXpert MTB/RIF
modalities on-site during the screening session. Participants suspected to have extrapulmonary TB
underwent further clinical and laboratory examinations at the referral hospital in accordance with the
national guidelines [22]. Individuals who tested negative by smear microscopy or GeneXpert MTB/RIF
were diagnosed with TB by clinicians based on clinical symptoms and chest radiographic abnormalities
[22]. The details of the TB case-finding models are described elsewhere [16, 23] and a summary of the
interventions are provided in figures S1 and S2. Participants were recruited within 1 month of diagnosis,
regardless of bacteriological status, infection site, history of previous TB disease and treatment, HIV status,
and drug resistance status. Written and verbal (for illiterate participants) consent were taken for all
participants of the study. Those who refused to participate were excluded from the study sample.
Data collection
Data were collected using a paper-based questionnaire and data collectors were trained prior to data
collection. The questionnaire included information on sociodemographic characteristics, smoking and
alcohol use, TB symptoms before diagnosis and the date of onset, knowledge and beliefs on TB,
stigma-related experiences, and psychological distress. It was piloted among other people with TB and TB
survivors. We adapted the World Health Organization TB knowledge, attitude and practices survey [24] to
evaluate participants’ knowledge of TB symptoms, route of transmission, prevention and treatment of TB.
Participants were considered to have poor TB knowledge if they scored the median or below and good TB
knowledge otherwise. Using a validated TB stigma scale [25, 26] and the General Health Questionnaire
(GHQ-12) [27, 28], we measured patients’ perspectives toward TB and the psychological distress they
experienced before their confirmatory diagnosis, respectively (supplementary materials).
The outcomes of interest in this study were: 1) the time (in days) between the onset of symptoms and TB
treatment initiation, defined as total delay; and 2) bacteriologically confirmed TB. The onset of symptoms
was self-reported by study participants. Treatment initiation dates and the bacteriological status were
extracted from medical records at the health centres and/or case-finding programme databases at the
implementing organisations.
As this study was nested within a cohort of people newly diagnosed with TB, identified either through
ACF interventions or PCF, who in Cambodia are currently followed up for 6 months from the initiation of
TB treatment, no sample size calculation was performed a priori to defining the primary outcome of this
study.
Statistical analyses
Statistical analyses were performed using STATA 14 (StataCorp LP, College Station, TX, USA) and
R (R Foundation for Statistical Computing, Vienna, Austria). When appropriate, descriptive statistics were
used. Using time-to-event analysis [29, 30], we assessed the relationships between case-finding strategies
and total delay as follows. Model 1: community-based ACF with a seed-and-recruit model versus one-off
roving ACF; model 2: community-based ACF with a seed-and-recruit model versus PCF. We regarded
events to have occurred when TB treatment was initiated. As all participants were diagnosed with TB and
initiated on treatment, no data were censored. The statistical significance of the covariates was estimated
using the log-rank test and univariate Cox proportional hazard regression. We assessed the association
between case-finding strategies and bacteriologically confirmed TB using modified Poisson regression with
robust sandwich variance. Epidemiologically relevant variables and other covariates with a p-value ⩽0.1 in
bivariate analyses were considered in the multivariable models. Covariate selection was also guided by
directed acyclic graphs of causal inference. Models selection was guided by Akaike information criteria.
For Cox regression, we assessed the proportional hazards assumption using Schoenfeld residuals [31] and
no violations were observed (model 1: p=0.815; model 2: p=0.237). We evaluated the fit of the Cox models
using Cox–Snell residuals. Hazard ratios (HRs) >1 indicated longer total delays and prevalence ratios (PR)
>1 indicated higher likelihood of detecting bacteriologically confirmed TB cases. HRs and PRs were
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reported with 95% confidence intervals and a two-tailed p-value <0.05 was considered statistically
significant.
Ethics
This study was approved by the National Ethics Committee for Health Research Cambodia (NECHR ref.
024/NECHR) and the National University of Singapore Institutional Review Board (NUS-IRB ref.
H-19-015).

Results
This cohort included 728 people with TB (table 1) with a mean±SD age of 60.1±13.9 years. Most
participants (62.2%) were living in a rural setting. The study population included more males (53.0%) than
females. Most participants had not attained secondary-level education and most were married at the time
of the interview. The median self-reported distance from home to the nearest public health facility was
4 km (interquartile range 2–6 km). Approximately two-thirds of the participants never smoked cigarettes
or drank alcohol and a similar proportion had a good level of knowledge regarding TB. Cough and weight
loss were commonly reported symptoms.
Time between the onset of symptoms and TB treatment initiation
Of the 728 participants, 35.9% were screened and referred to public health facilities for diagnosis via
community-based ACF using a seed-and-recruit model, 54.5% were screened and diagnosed during the
one-off ACF screening event and the remaining 9.6% self-presented to the health centres (PCF). By design,
most participants recruited by community-based ACF using a seed-and-recruit model and PCF were
younger than participants screened and diagnosed during the one-off roving ACF screening event. More
urban dwellers self-initiated healthcare at the health centres than rural residents (table 1).
Figure 1 compares the time from onset of symptoms to TB treatment initiation comparing
community-based ACF using a seed-and-recruit model and one-off roving ACF. In the bivariate analyses
(table 2), community-based ACF using a seed-and-recruit model was associated with shorter total delay
(HR 0.70, 95% CI 0.60–0.82; p<0.001) compared to one-off roving ACF. Adjustments for ODs (urban or
rural), age, sex, TB symptoms, psychological distress, TB knowledge, distance from place of residence to
public health facilities and TB stigma did not materially affect the effect of community-based ACF using a
seed-and-recruit model on total delay (adjusted hazard ratio (aHR) 0.81, 95% CI 0.68–0.96; p<0.016).
In model 2, we compared the effect of community-based ACF using a seed-and-recruit model with PCF
(figure 1 and table 2). After adjusting for similar covariates as model 1, community-based ACF using a
seed-and-recruit model was not significantly associated with shorter total delay (aHR 0.93, 95% CI
0.70–1.23; p=0.610).
Across the three TB case finding strategies, we observed no significant heterogeneity in the estimates by
age, sex, TB knowledge, urbanicity of ODs and education level of cases detected.
Bacteriologically confirmed TB diagnosis
We further investigated the effect of case-finding strategies on the detection of bacteriologically confirmed
TB. Community-based ACF using a seed-and-recruit model was 45% (adjusted prevalence ratio (aPR)
1.45, 95% CI 1.19–1.78; p<0.001) and 39% (aPR 1.39, 95% CI 0.99–1.94; p=0.057) more likely to find and
detect bacteriologically confirmed TB compared to one-off roving ACF (model 1) and PCF (model 2),
respectively (table 3). In the analyses stratified by OD (urban versus rural), community-based ACF using a
seed-and-recruit model was significantly more likely to find bacteriologically confirmed TB in urban areas
(table 4) but no difference was found in rural areas. Compared to the one-off roving ACF,
community-based ACF using a seed-and-recruit model was almost twice more likely to find
bacteriologically confirmed TB among females ( p<0.001) but no statistically significant trends were
observed in males (table 4).

Discussion
This is the first study that describes and compares the effect of TB case-finding strategies on the time from
the onset of symptoms to TB treatment initiation and bacteriologically confirmed TB in Cambodia. In
comparison to one-off roving ACF, we observed that the community mobilisation model was associated
with a shorter delay to TB treatment initiation. Empirical evidence has shown that community-based,
peer-led interventions were effective in identifying HIV cases and reaching new HIV cases in the earlier
stages of the infection among marginalised populations such as men who have sex with men [32, 33].
Using a similar mechanism, the community-based ACF using seed-and-recruit model mobilised members
of the community to identify presumptive TB cases in their community and promptly link them to care.
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TABLE 1 Characteristics of study participants by case finding strategies and types of tuberculosis (TB)
Characteristics

TB case-finding strategies
Community-based ACF using
One-off
seed-and-recruit model
roving ACF

Total

p-value

Smear-negative,
clinician-diagnosed, EPTB

Bacteriologically
confirmed TB

p-value

42 (24–103)

59 (29–144)

38 (16–84)

<0.001

56 (27–120)

47 (23–113)

0.074

53 (26–118)

58 (47–67)
4 (2–8)

65 (55–73)
4 (3–6)

56 (45–64)
4(2–6)

<0.001
0.119

63 (53–72)
4 (2–6)

58 (49–67)
4 (2–7)

<0.001
0.355

61 (52–71)
4 (2–6)

56.1±14.7
17.8±5.8

63.6±12.1
18.6±4.2

54.4±15.4
16.4±5.5

<0.001
0.001

61.6±13.6
18.1±4.8

57.7±14.2
18.1±5.3

<0.001
0.890

60.1±13.9
18.1±5.0

126 (48.3%)
135 (51.7%)
117 (44.8%)

95 (23.9%)
302 (76.1%)
193 (48.6%)

54 (77.1%)
16 (22.9%)
32 (45.7%)

164 (36.9%)
281 (63.1%)
221 (49.7%)

111 (39.2%)
172 (60.8%)
121 (42.8%)

215 (82.7%)
45 (17.3%)

339 (86.3%)
54 (13.7%)

54 (77.1%)
16 (22.9%)

377 (85.5%)
64 (14.5%)

231 (81.9%)
51 (18.1%)

10 (3.8%)
216 (82.8%)
35 (13.4%)
88 (33.7%)
49 (18.9%)
92 (35.5%)

16 (4.0%)
294 (74.1%)
87 (21.9%)
103 (25.9%)
65 (16.4%)
93 (23.6%)

8 (11.4%)
55 (78.6%)
7 (10.0%)
26 (37.1%)
19 (27.1%)
25 (35.7%)

0.038
0.098
0.002

21 (4.7%)
337 (75.7%)
87 (19.6%)
109 (24.5%)
69 (15.5%)
111 (25.1%)

13 (4.6%)
228 (80.3%)
42 (14.8%)
108 (38.2%)
64 (22.8%)
99 (35.4%)

<0.001
0.014
0.003

34 (4.7%)
565 (77.6%)
130 (17.7%)
217 (29.8%)
133 (18.3%)
210 (29.0%)

186 (71.3%)

292 (73.6%)

51 (72.9%)

0.812

324 (72.8%)

205 (72.4%)

0.913

529 (72.7%)

235 (90.0%)
62 (23.8%)
149 (57.1%)
90 (34.5%)
153 (58.6%)
60 (23.0%)
187 (71.7%)
128 (49.0%)
193 (73.9%)
163 (64.4%)

338 (85.1%)
46 (11.6%)
194 (48.9%)
120 (30.2%)
194 (48.9%)
56 (14.1%)
245 (61.7%)
186 (46.9%)
295 (74.3%)
167 (46.3%)

66 (94.3%)
16 (22.9%)
48 (68.6%)
30 (42.9%)
48 (68.6%)
10 (14.3%)
57 (81.4%)
44 (62.9%)
58 (82.9%)
57 (86.4%)

0.037
<0.001
0.004
0.094
0.002
0.010
0.001
0.047
0.278
<0.001

388 (87.2%)
59 (13.3%)
230 (51.7%)
134 (30.1%)
250 (56.2%)
61 (13.7%)
303 (68.1%)
219 (49.2%)
345 (77.5%)
238 (58.3%)

251 (88.7%)
65 (23.0%)
161 (56.9%)
106 (37.5%)
145 (51.2%)
65 (23.0%)
186 (65.7%)
139 (49.1%)
201 (71.0%)
149 (54.8%)

0.547
0.001
0.170
0.040
0.192
0.001
0.508
0.980
0.048
0.359

639 (87.8%)
124 (17.0%)
391 (53.7%)
240 (33.0%)
395 (54.3%)
126 (17.3%)
489 (67.2%)
358 (49.2%)
546 (75.0%)
387 (56.9%)

<0.001

0.620
0.117

0.520

0.001

0.069
0.200

275 (37.8%)
453 (62.2%)
342 (47.0%)
608 (84.1%)
115 (15.9%)

0.260

Continued

5

TUBERCULOSIS | A.K.J. TEO ET AL.

Time from onset of
symptoms to TB
treatment initiation,
in days
Age, in years
Distance from home to
health facility,
in kilometres
Age, in years
Patient perspectives
toward TB #
Operational districts
Urban
Rural
Female
Education level¶
Primary and lower
Above primary
Marital status
Never married
Currently married
Divorced/widowed
Ever smoked+
Current smokers
Ever consumed
§
alcohol¶,
Presence of other
known medical
conditions
Coughƒ
Haemoptysisƒ
Chest painƒ
Dyspnoeaƒ
Feverƒ
Chillsƒ
Weight lossƒ
Night sweatsƒ
Good TB knowledge##
Self-perceived risk of
getting TB

Types of TB
PCF
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TABLE 1 Continued
Characteristics

TB case-finding strategies
Community-based ACF using
One-off
seed-and-recruit model
roving ACF

Total GHQ-12¶¶
⩽3
>3
Type of TB
Smear-negative,
clinician-diagnosed
EPTB
Bacteriologically
confirmed TB
Case-finding
strategies
Community-based
ACF using a
seed-and-recruit
model
One-off roving ACF
PCF

Types of TB
PCF

p-value

Smear-negative,
clinician-diagnosed, EPTB

Bacteriologically
confirmed TB

227 (51.0%)
218 (49.0%)

139 (49.1%)
144 (50.9%)

<0.001

Total
p-value

0.618

150 (57.5%)
111 (42.5%)

164 (41.3%)
233 (58.7%)

52 (74.3%)
18 (25.7%)

366 (50.3%)
362 (49.7%)

129 (49.4%)

272 (68.5%)

44 (62.9%)

445 (61.1%)

132 (50.6%)

125 (31.5%)

26 (37.1%)

283 (38.9%)

<0.001

<0.001
129 (29.0%)

132 (46.6%)

261 (35.9%)

272 (61.1%)
44 (9.9%)

125 (44.2%)
26 (9.2%)

397 (54.5%)
70 (9.6%)

Data are presented as median (interquartile range), mean±SD or n (%), unless otherwise stated. ACF: active case finding; PCF: passive case finding; EPTB: extrapulmonary tuberculosis;
GHQ-12: General Health Questionnaire.#: evaluated based on the answers from 12 questions, measured on a Likert scale (0–3), with 0 being strongly disagree and 3 being strongly
agree; minimum score is 0 and the maximum score is 36. ¶: excluding missing values. +: including current and ex-smokers. §: participants who had ever consumed alcohol reported
frequency of alcohol use that ranged from once a month or less to four times or more per week. ƒ: symptoms prior to TB diagnosis self-reported by study participants. ##: evaluated
based on the answers to eight questions regarding the characteristics, symptoms, route of transmission, prevention and treatment of TB with a total score of 13 (median 9); respondents
were regarded as having poor TB knowledge if they scored the median or below and good TB knowledge if they scored above the median. ¶¶: evaluated based on the total score of the six
negative items; scoring method 0-0-1-1, with 0=“less than usual”, 0=“no more than usual”, 1=“rather more than usual” or 1=“much more than usual”.
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a) 1.0

Community-based ACF (n=271)
One-off roving ACF (n=401)

b) 1.0

0.8
Overall probability

Overall probability

0.8

Community-based ACF (n=271)
Passive case finding (n=401)

0.6

0.4

0.6

0.4

0.2

0.2

0

0
0

500
1000
1500
Time to treatment initiation days

2000

0

500
1000
1500
Time to treatment initiation days

2000

FIGURE 1 Time from the onset of symptoms to tuberculosis (TB) treatment initiation by case-finding strategy.
The Kaplan–Meier curves for the time from onset of symptoms to TB treatment initiation comparing:
a) community-based active case finding (ACF) using a seed-and-recruit model and one-off roving ACF; and
b) community-based ACF using a seed-and-recruit model and passive case finding. The overall probability
denotes Pr(T⩾t), where T is the time to treatment initiation in days. The solid lines are the product limit
estimates and the shaded regions are the 95% confidence intervals by the complementary log-log method.

Although the spectrum of community mobilisation [34] was not evaluated its entirety, the incorporation
of the elements of community participation probably explains the ability of the seeds and recruiters to
access KAPs and influence those at risk to seek care early. The empowerment [35, 36] that the
presumptive TB cases received from their peers or people living in their community might have enabled
them to initiate health-seeking earlier.
There was modest evidence of shorter delay to TB diagnosis and treatment initiation in active screening
compared to PCF reported in a recent systematic review [3]. However, in comparison to PCF, our study
was unable to discern the effect of community-based ACF using a seed-and-recruit model on the time to
treatment initiation. ACF strategies using mobile diagnostic modalities have also been reported to reduce
diagnostic delay compared to PCF by improving access to the hard-to-reach populations, such as homeless
people and people who abuse drugs [37], thereby lowering the risk of further transmission [38]. However,
in our study, we did not observe a similar effect comparing the one-off roving ACF strategy with PCF
(table S1 and figure S3). The one-off roving ACF strategy implemented in Cambodia was a targeted
approach focused primarily on persons aged ⩾55 years, with 77% of the cases belonging to that age group.
Therefore, we further stratified the analysis by age (table S2) and we found that, in the older age group
(the target population), the one-off roving ACF strategy was associated with shorter total delay compared
to PCF, albeit not statistically significant. Although ACF has been shown to be an effective strategy in
identifying and linking people with TB to care, a longitudinal study in Peru reported that PCF was found
to be equitable in early diagnosis of TB [39]. Notwithstanding that the relationships between the two ACF
strategies and PCF were not statistically significant, the effect directions were consistent with evidence that
suggested that active screening was inclined to identify TB cases earlier. Hence, we believe that the lack of
statistically significant results after accounting for confounders was due to the small sample size, especially
in the comparator (PCF).
After adjusting for relevant confounders, we found that the cases identified through community-based
ACF using a seed-and-recruit model were more likely to be bacteriologically confirmed TB than cases
identified through one-off roving ACF and PCF. The presence of apparent symptoms could have
prompted identification and referrals by members of the community who were seeds and recruiters,
leading to a higher proportion of bacteriologically confirmed TB cases identified through this model.
Previous findings that smear-negative cases were more likely to present with fewer symptoms supported
this notion [40, 41]. We further noted that, in comparison to PCF, cases identified through one-off roving
ACF were less likely to be bacteriologically confirmed TB (table S3). This is consistent with a study that
evaluated an ACF model using mobile chest radiography, which is similar to the one-off roving ACF
model that we assessed [42]. It was suggested that earlier diagnosis might have identified individuals with
lower bacillary load and negative sputum smear. However, whether the sputum smear-negative cases were
in the subclinical or active TB phase could not be determined using the sample in this study. In a setting
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TABLE 2 Effect of tuberculosis (TB) case-finding strategies on the time (in days) from onset of symptoms to treatment
initiation among people with TB in Cambodia
One-off roving ACF versus community-based ACF
using a seed-and-recruit model
cHR (95% CI)
Case-finding strategies
PCF
One-off roving ACF
Community-based ACF
using a seed-and-recruit
model
Operational districts
Urban
Rural
Sex
Male
Female
Education level
Primary and lower
Above primary
Cough#
Yes
No
Haemoptysis#
Yes
No
Dyspnoea#
Yes
No
Fever#
Yes
No
Night sweats#
Yes
No
TB knowledge¶
Poor
Good
Total GHQ-12+
⩽3
>3
Age, in years
Distance from home to
health facility in km
Patient perspectives
toward TB§

p-value

PCF versus community-based ACF using a
seed-and-recruit model

p-value

aHR (95% CI)

cHR (95% CI)

p-value

1.00
0.70 (0.60–0.82)

<0.001

1.00
0.81 (0.68–0.96)

0.016

1.05 (0.81–1.37)

0.794

0.93 (0.70–1.23)

0.610

1.00
1.39 (1.18–1.64)

<0.001

1.00
1.29 (1.08–1.54)

0.005

1.00
1.46 (1.17–1.82)

0.001

1.00
1.37 (1.06–1.77)

0.015

1.00
1.04 (0.89–1.21)

0.619

1.00
0.92 (0.78–1.08)

0.323

1.00
0.93 (0.75–1.16)

0.535

1.00
0.87 (0.69–1.09)

0.224

1.00
0.65 (0.52–0.81)

<0.001

1.00
0.69 (0.54–0.87)

0.002

1.00
0.87 (0.60–1.05)

0.100

1.00
1.53 (1.21–1.93)

<0.001

1.00
1.53 (1.19–1.96)

0.001

1.00
1.50 (1.03–2.19)

0.034

1.00
1.62 (1.08–2.44)

0.020

1.00
1.25 (1.02–1.54)

0.035

1.00
1.44 (1.15–1.81)

0.002

1.00
1.37 (1.06–1.77)

0.016

1.00
1.48 (1.13–1.95)

0.005

1.00
0.84 (0.71–0.99)

0.043

0.84 (0.71–1.00)

1.00
0.053

1.34 (1.07–1.68)

1.00
0.011

1.00
1.24 (1.06–1.44)

0.008

1.00
1.03 (0.87–1.21)

0.742

1.00
1.28 (1.03–1.60)

0.029

1.00
1.20 (0.94–1.52)

0.136

1.00
1.36 (1.16–1.58)

<0.001

1.00
1.17 (0.99–1.38)

0.068

1.00
1.27 (1.02–1.58)

0.031

1.00
1.03 (0.81–1.31)

0.802

1.00
0.83 (0.70–0.99)

0.038

1.00
0.87 (0.72–1.05)

0.146

1.00
0.75 (0.58–0.97)

0.028

1.00
0.75 (0.58–0.98)

0.037

1.00
1.20 (1.03–1.40)
1.00 (0.99–1.01)
0.98 (0.96–1.00)

0.018
0.909
0.052

1.00
1.12 (0.96–1.32)
1.00 (0.99–1.00)
0.98 (0.96–1.00)

0.159
0.128
0.132

1.00
1.41 (1.13–1.77)
1.00 (1.00–1.01)
0.97 (0.94–0.99)

0.002
0.258
0.010

1.00
1.28 (1.00–1.65)
1.00 (1.00–1.01)
0.98 (0.95–1.00)

0.050
0.272
0.070

1.03 (1.01–1.05)

0.002

1.02 (1.00–1.04)

0.047

1.02 (1.00–1.03)

0.094

1.00 (0.98–1.02)

0.847

1.00

aHR (95% CI)

p-value

1.00

ACF: active case finding; PCF: passive case finding; cHR: crude hazard ratio; aHR: adjusted hazard ratio; GHQ-12: General Health
Questionnaire.#: symptoms prior to TB diagnosis self-reported by study participants.¶: evaluated based on the answers to eight questions
regarding the characteristics, symptoms, route of transmission, prevention and treatment of TB with a total score of 13 (median 9);
respondents were regarded as having poor TB knowledge if they scored the median or below and good TB knowledge if they scored above the
median. +: evaluated based on the total score of the six negative items; scoring method 0-0-1-1, with 0=“less than usual”, 0=“no more than
usual”, 1=“rather more than usual” or 1=“much more than usual”. §: evaluated based on the answers to 12 questions, measured on a Likert
scale (0–3), with 0 being strongly disagree and 3 being strongly agree; minimum score is 0 and the maximum score is 36.

with ∼40% undiagnosed cases [1], it is crucial to find the missing cases and link them to care promptly,
especially bacteriologically confirmed TB and subclinical cases [43], to interrupt transmission.
The strengths of this study include the assessment of total delay in its continuous form to preserve as
much information as possible, instead of dichotomising the outcome. Furthermore, no universally
acceptable cut-off exists to justify dichotomisation. We nested this study in a routine TB case finding
programme supported by the NTP. Therefore, the findings are relevant to real-world practice. In
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TABLE 3 Effect of tuberculosis (TB) case-finding strategies on the detection of bacteriologically confirmed TB in Cambodia
One-off roving ACF versus community-based ACF
using a seed-and-recruit model
cPR (95% CI)
Case finding strategies
PCF
One-off roving ACF
Community-based ACF using a
seed-and-recruit model
Operational districts
Urban
Rural
Sex
Male
Female
Current smoker
Current
Not current
Ever smoked#
Ever smoked
Never smoked
Alcohol use¶
Nondrinkers
Drinkers
Dyspnea+
Yes
No
Chills+
Yes
No
TB knowledge§
Poor
Good
Age, in years

p-value

PCF versus community-based ACF using a
seed-and-recruit model

p-value

aPR (95% CI)

cPR (95% CI)

p-value

1.00
1.61 (1.33–1.94)

<0.001

1.00
1.45 (1.19–1.78)

<0.001

1.36 (0.98–1.89)

0.065

1.39 (0.99–1.94)

0.057

1.00
0.88 (0.72–1.07)

0.189

1.00
1.09 (0.89–1.33)

0.402

1.00
0.86 (0.68–1.08)

0.184

1.00
0.93 (0.74–1.18)

0.556

1.00
0.85 (0.70–1.04)

0.109

1.00
0.91 (0.74–1.11)

0.354

1.00
0.97 (0.77–1.22)

0.804

1.00
1.28 (0.98–1.68)

0.067

1.00
0.75 (0.60–0.93)

0.009

1.00
0.87 (0.69–1.10)

0.238
1.00
0.66 (0.53–0.82)

<0.001

1.00
0.67 (0.50–0.90)

0.008

1.00
1.29 (1.03–1.62)

0.024

1.00
1.13 (0.87–1.48)

0.364

1.00
0.68 (0.55–0.85)

0.001

1.00
0.73 (0.58–0.91)

0.006

1.00
0.75 (0.61–0.94)
1.00 (0.99–1.00)

0.010
0.400

1.00

1.00
1.12 (0.90–1.40)

p-value

1.00

1.00
1.34 (1.10–1.63)

0.003

1.00
0.83 (0.68–1.00)

0.055

1.00
0.69 (0.56–0.84)

<0.001

1.00
0.76 (0.62–0.93)

0.008

1.00
0.67 (0.54–0.84)

0.001

1.00
0.81 (0.67–1.00)
0.99 (0.98–0.99)

0.046
<0.001

1.00
0.78 (0.64–0.94)
0.99 (0.98–1.00)

0.010
0.014

1.00
0.71 (0.57–0.89)
0.99 (0.99–1.00)

0.003
0.158

0.300

aPR (95% CI)

ACF: active case finding; PCF: passive case finding; cPR: crude prevalence ratio; aPR: adjusted prevalence ratio. #: included current and
ex-smokers. ¶: drinkers reported frequency of alcohol use that ranged from once a month or less to four times or more per week;
nondrinkers refers to teetotallers. +: symptoms prior to TB diagnosis self-reported by study participants. §: evaluated based on the answers to
eight questions regarding the characteristics, symptoms, route of transmission, prevention and treatment of TB with a total score of 13
(median 9); respondents were regarded as having poor TB knowledge if they scored the median or below and good TB knowledge if they
scored above the median.

Cambodia, a TB case is diagnosed by using either smear microscopy or GeneXpert MTB/RIF in the
community-based ACF using a seed-and-recruit model and PCF. Individuals screened through the one-off
roving ACF would undergo a GeneXpert MTB/RIF test for TB diagnosis. Since all the case finding
modalities closely followed the national guidelines [22], little within-variation on how cases were
diagnosed (i.e. diagnostic tests used) for each case-finding strategy was observed (figure S4). Because the
type of diagnostic test was a mediator, it was not adjusted in the regression models, and including it would
lead to multicollinearity issues and compromise the true relationship [44].
This study had limitations. Firstly, the dates of onset of symptoms were self-reported by participants and
were subjected to recall bias. We strived to minimise recall bias by training data collectors to use
significant cultural events and public holidays as prompts to aid recollection of dates. The accuracy of
these dates could be further convoluted by people not reporting their symptoms [45] or unable to relate
symptoms to TB, hence underreporting the presence of symptoms [46]. No information on the smear
grade was collected, which could help inform the stage and infectivity of the disease [19]. In the analyses
with PCF as the comparator, small sample size in the PCF group resulted in inadequate statistical power to
detect significant differences between the effect sizes. In the context of this study, we were unable to
discern our participants’ membership of a particular key population other than age. Finally, we cannot
rule out residual confounding due to the observational nature of the study design.
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TABLE 4 Stratified analysis for the effect of community tuberculosis (TB) case-finding
strategies on the detection of bacteriologically confirmed TB in Cambodia
Urban
#

Case-finding strategy
One-off roving ACF
Community-based
ACF using a
seed-and-recruit
model
Case-finding strategy
PCF
Community-based
ACF using a
seed-and-recruit
model

Rural
#

aPR (95% CI)

p-value

aPR (95% CI)

p-value

1.00
2.75 (1.75–4.34)

<0.001

1.00
1.11 (0.86–1.43)

0.417

1.00
1.78 (1.18–2.71)

0.007

1.00
0.79 (0.47–1.34)

0.386

Male
¶

Case-finding strategy
One-off roving ACF
Community-based
ACF using a
seed-and-recruit
model

Female
¶

aPR (95% CI)

p-value

aPR (95% CI)

p-value

1.00
1.12 (0.86–1.47)

0.390

1.00
1.95 (1.43–2.66)

<0.001

aPR: adjusted prevalence ratio; ACF: active case finding; PCF: passive case finding. #: adjusted for age,
sex, TB symptoms (cough, haemoptysis, fever and night sweats), psychological distress, TB knowledge,
distance from place of residence to public health facilities and TB stigma. ¶: adjusted for operational
district, age, sex, smoking, alcohol use, TB symptom (chills) and TB knowledge.

Conclusions
Mobilising community networks to find TB cases was found to be associated with early identification and
initiation of TB treatment in Cambodia. Furthermore, the model was also more likely to find
bacteriologically confirmed TB cases and link them to care, contributing to the reduction of risk of
transmission in the community. Future systematic investigations are required to evaluate the impact of the
different TB case finding strategies on the yield of TB diagnoses, the prevalence of TB, reduced
transmission and treatment outcomes.
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