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ABSTRACT

BACKGROUND
The World Health Organization has set ambitious targets for the global elimination of
tuberculosis. However, these targets will not be achieved at the current rate of progress.

METHODS

We performed a cluster-randomized, controlled trial in Ca Mau Province, Vietnam,
to evaluate the effectiveness of active community-wide screening, as compared with
standard passive case detection alone, for reducing the prevalence of tuberculosis.
Persons 15 years of age or older who resided in 60 intervention clusters (subcom-
munes) were screened for pulmonary tuberculosis, regardless of symptoms, annually
for 3 years, beginning in 2014, by means of rapid nucleic acid amplification testing
of spontaneously expectorated sputum samples. Active screening was not performed
in the 60 control clusters in the first 3 years. The primary outcome, measured in the
fourth year, was the prevalence of microbiologically confirmed pulmonary tubercu-
losis among persons 15 years of age or older. The secondary outcome was the preva-
lence of tuberculosis infection, as assessed by an interferon gamma release assay
in the fourth year, among children born in 2012.

RESULTS

In the fourth-year prevalence survey, we tested 42,150 participants in the intervention
group and 41,680 participants in the control group. A total of 53 participants in
the intervention group (126 per 100,000 population) and 94 participants in the con-
trol group (226 per 100,000) had pulmonary tuberculosis, as confirmed by a positive
nucleic acid amplification test for Mycobacterium tuberculosis (prevalence ratio, 0.56;
95% confidence interval [CI], 0.40 to 0.78; P<0.001). The prevalence of tuberculosis
infection in children born in 2012 was 3.3% in the intervention group and 2.6%
in the control group (prevalence ratio, 1.29; 95% CI, 0.70 to 2.36; P=0.42).

CONCLUSIONS
Three years of community-wide screening in persons 15 years of age or older who
resided in Ca Mau Province, Vietnam, resulted in a lower prevalence of pulmonary
tuberculosis in the fourth year than standard passive case detection alone. (Funded
by the Australian National Health and Medical Research Council; ACT3 Australian
New Zealand Clinical Trials Registry number, ACTRN12614000372684.)

N ENGL) MED 381;14 NEJM.ORG OCTOBER 3, 2019

The New England Journal of Medicine

Copyright © 2019 Massachusetts Medical Society. All rights reserved.

From the Woolcock Institute of Medical
Research (G.B.M., PT.B.N., T.-A.N., K.B.L.,
DTTT, QT.N.V, OTT.L, Y.H.N,, PH.M,,
J.H., GJ.F), the National Lung Hospital
(N.V.N., H.B.N.), the National Institute of
Hygiene and Epidemiology (V.-AT.N.),
and the National Tuberculosis Control
Program (N.V.N., H.B.N., K.H.T., SV.N.),
Hanoi, and the Center for Social Disease
Control, Ca Mau (K.HT,, S.V.N.) —all in
Vietnam; the South Western Sydney Clin-
ical School, University of New South Wales
(G.B.M., J.H.), and the Faculty of Medi-
cine and Health (G.B.M., N.V.N., T.-A.N.,
V.Q.D., PH.M., V.S., WJ.B., GJ.F) and
the Centenary Institute (W.,J.B.), Univer-
sity of Sydney, Sydney, the School of So-
cial Sciences, Monash, Clayton, VIC
(P.H.M.), and the Department of Anthro-
pology, Macquarie University, North Ryde,
NSW (P.H.M.) — all in Australia; the
Center for Operational Research, Inter-
national Union against Tuberculosis and
Lung Disease, Paris (H.B.N.); and the
Global Tuberculosis Program, World Health
Organization, Geneva (L.N.N.). Address
reprint requests to Dr. Marks at the
Woolcock Institute of Medical Research,
P.O. Box M77, Missenden Rd. PO, Sydney,
NSW 2050, Australia, or at g.marks@
unsw.edu.au.

N Engl ) Med 2019;381:1347-57.
DOI: 10.1056/NEJM0al902129
Copyright © 2019 Massachusetts Medical Society.

1347

ownloaded from ngim.org at WELCH MEDICAL LIBRARY - JOHNS HOPKINS UNIVERSITY on February 24, 2023. For persona use only. No other uses without permissio



1348

The NEW ENGLAND JOURNAL of MEDICINE

URING 2015, TUBERCULOSIS DEVEL-

oped in 10.4 million persons worldwide,

and 1.8 million persons died from the
disease.! In response, the World Health Organi-
zation (WHO) adopted the “END TB” strategy.
The targets of the strategy include reducing the
number of deaths from tuberculosis by 95% and
the incidence of tuberculosis by 90%, as com-
pared with 2015 levels, by 2035.2

The long-standing global strategy for tubercu-
losis control focuses on improving access to diag-
nosis, treatment, and supportive services to ensure
that patients with symptomatic tuberculosis dis-
ease receive an appropriate diagnosis and treat-
ment. Although there have been substantial gains
in tuberculosis control in some countries,? the de-
cline in the incidence of tuberculosis is slow in
many countries, and the prevalence of tuberculo-
sis remains high in those countries,* which en-
sures ongoing transmission. Barriers to the im-
plementation of the current strategy include weak
health systems>® and the fact that many patients
with pulmonary tuberculosis do not report typical
symptoms*”® or may delay seeking treatment.” As
a consequence, in 2017, an estimated 3.6 million
persons with tuberculosis worldwide did not
receive a diagnosis and were not treated.®* Unless
effective new approaches are identified and im-
plemented, the high social and economic costs
of tuberculosis will continue, with little progress
toward the targets of the END TB strategy, de-
spite substantial ongoing investment of resources
in tuberculosis-control programs.!*?

There is consensus among experts that prog-
ress in controlling tuberculosis in high-burden
countries requires enhanced case detection.”® Ac-
tive case finding, in which persons who are not
seeking health care for symptoms are invited to
be screened for tuberculosis disease, has played
an important role in tuberculosis control in
higher-income countries for more than half a
century.’*® Previous attempts at active case find-
ing have focused mainly on screening high-risk
subgroups of the population, primarily known
contacts of persons with active tuberculosis.’
However, most cases of tuberculosis in areas where
tuberculosis is highly endemic occur in persons
without recognized risk factors.” Hence, the effect
of screening high-risk groups alone on the pool of
prevalent cases of tuberculosis will be relatively
small.?! We hypothesize that in areas with a high

burden of tuberculosis it will be necessary to
screen the entire population and treat all, or nearly
all, prevalent cases of tuberculosis to reduce trans-
mission.

The Active Case Finding for Tuberculosis 3
(ACT?3) trial aimed to assess the effectiveness of
a community-wide active case-finding intervention
in reducing the prevalence of tuberculosis and
tuberculosis infection in a high-prevalence area.
The intervention was performed with the use of a
rapid nucleic acid amplification test (Xpert MTB/
RIF, Cepheid)?** to detect Mycobacterium tuberculosis
in spontaneously expectorated sputum samples.

METHODS

TRIAL PROCEDURES

A community-based, cluster-randomized, controlled
trial was conducted in Ca Mau Province, Vietnam
(Fig. 1) from March 2014 through February 2018.
The cluster sampling unit was the subcommune,
which is roughly equivalent to a village or suburb
with an average population of approximately 1000
persons 15 years of age or older. Subcommunes
were randomly selected and randomly assigned
to the community-wide screening intervention
(60 subcommunes in the intervention group) or
no intervention (60 subcommunes in the control
group). Random selection was stratified accord-
ing to district, with the probability of being se-
lected proportional to the size of the subcommune
at baseline (see the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org).
In the first 3 years of the trial, the active screening
intervention was performed annually in the inter-
vention group and no intervention was performed
in the control group. The participants in either
trial group who received a diagnosis of tuberculo-
sis were treated in accordance with the policy of
the National Tuberculosis Program.

The protocol, available at NEJM.org, was ap-
proved by the Human Research Ethics Committee
of the University of Sydney and the institutional
review board of the National Lung Hospital,
Vietnam Ministry of Health. Further details of
ethical approval, participant-consent procedures,
trial registration, trial funding, and the involve-
ment of the sponsor are provided in the Supple-
mentary Appendix. The authors vouch for the ac-
curacy and completeness of the data and for the
fidelity of the trial to the protocol.
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Figure 1. Map of the 9 Districts and 949 Subcommunes in Ca Mau Province, Vietnam.
Shown are the randomly selected subcommunes that were randomly assigned to the active community-wide
screening intervention (active screening) or to no intervention (control). The smaller map in the top left corner
shows the location of Ca Mau Province in Vietnam.

TRIAL GROUPS
Intervention Group

The participants in each subcommune in the in-
tervention group were screened annually, at ap-
proximately the same time of year and at no cost
to them. In each subcommune, the intervention
proceeded through a series of phases. We con-
ducted a house-to-house survey (census) of the
entire population of persons 15 years of age and
older in the participating subcommunes. Oral con-
sent for participation in tuberculosis screening
was obtained from all the participants. Screening
included a brief questionnaire about typical symp-
toms of tuberculosis (cough, sputum, and hemo-
ptysis) and smoking status and a request to pro-
vide a sputum sample, regardless of the response
to these questions (Fig. S1 in the Supplementary
Appendix). A randomly selected subsample of par-
ticipants comprising 10% of the trial population
completed an extended questionnaire. Sputum
samples, collected from the participants who con-
sented and were able to provide a sample, were

transferred to the laboratory. Samples that had a
volume of at least 0.5 ml were deemed suitable for
examination with the Xpert MTB/RIF test, which
was performed within 24 to 36 hours after collec-
tion. From the end of the second year of the trial,
sputum samples were pooled in pairs before Xpert
testing. Participants who had sputum samples that
tested positive for M. tuberculosis on the Xpert test
were requested by the trial field staff to provide
two additional spontaneously expectorated sputum
samples for mycobacterial microscopy, culture,
and drug-susceptibility testing and to attend the
Provincial Tuberculosis Hospital for chest radiog-
raphy and clinical assessment by the tuberculosis
program medical staff. The decision about wheth-
er to recommend treatment for tuberculosis was
made by the attending clinician.

Control Group

Community-wide active screening was not per-
formed in the control group during the first 3 years
of the trial. Residents of the subcommunes in the

N ENGLJ MED 381;14 NEJM.ORG OCTOBER 3, 2019

The New England Journal of Medicine

Copyright © 2019 Massachusetts Medical Society. All rights reserved.

1349

ownloaded from ngim.org at WELCH MEDICAL LIBRARY - JOHNS HOPKINS UNIVERSITY on February 24, 2023. For persona use only. No other uses without permissio



1350

The NEW ENGLAND JOURNAL of MEDICINE

control group who presented to government tu-
berculosis clinics with typical symptoms of the
disease were assessed for a diagnosis of tubercu-
losis, which was confirmed by a sputum smear
positive for acid-fast bacilli on microscopic exami-
nation and, when clinically indicated, by findings
on chest radiography. Those who received a diag-
nosis of tuberculosis were treated in accordance
with the policy of the National Tuberculosis Pro-
gram. Oral consent for participation in tuberculo-
sis screening in the fourth-year survey was ob-
tained from all the participants.

TRIAL OUTCOMES

Primary Outcome

The primary outcome was the prevalence of micro-
biologically confirmed pulmonary tuberculosis in
the fourth year of the trial. In accordance with
WHO recommendations,* microbiologically con-
firmed pulmonary tuberculosis was defined as a
sputum sample positive for M. tuberculosis on the
Xpert test. Prevalence was estimated according
to the findings from a whole-population survey
that was conducted in both the intervention group
and the control group with the same method used
in the screening intervention (see the Supplemen-
tary Appendix). The subcommunes in the inter-
vention group and the control group were evalu-
ated synchronously within each district.

In a sensitivity analysis, two subsidiary out-
comes of tuberculosis prevalence were measured
in the fourth-year prevalence survey. In one sub-
sidiary outcome, confirmed tuberculosis was
defined as an initial sputum sample positive for
M. tuberculosis on the Xpert test plus at least one
mycobacterial culture that grew M. tuberculosis. In
the other subsidiary outcome, confirmed tuber-
culosis was defined as a sputum sample positive
for M. tuberculosis on the Xpert test plus at least
one mycobacterial culture that grew M. tuberculosis
or chest radiographic findings that were report-
ed to be consistent with tuberculosis by both the
attending clinician and a second reader who was
an expert in tuberculosis care and unaware of
the trial-group assignment and the report by the
attending clinician.

Secondary and Post Hoc Outcomes

The secondary outcome was the prevalence of
latent tuberculosis infection in the fourth year of
the trial among all children in the selected sub-

communes who were born during 2012. An in-
terferon gamma release assay (QuantiFERON-TB
Gold Plus, Qiagen) was used to diagnose latent
tuberculosis infection in children. The test was
performed and interpreted in accordance with the
manufacturer’s instructions (see the Supplemen-
tary Appendix).

After the analysis of the findings for this
secondary outcome, it became apparent that the
prevalence of latent tuberculosis infection in
children born in 2012 was lower than expected.
Hence, we subsequently decided to repeat the as-
sessment of this secondary outcome in a randomly
selected sample of children in the selected sub-
communes who were born between January 1,
2004, and December 31, 2011. This survey was
undertaken during 2018 and was performed with
the same methods used in the survey of children
born in 2012.

STATISTICAL ANALYSIS
Analyses were performed according to the inten-
tion-to-treat principle with the use of a hierarchi-
cal approach to account for the clustered design.
A log-binomial regression model was used, with
the subcommune clusters treated as normally dis-
tributed random intercepts. No adjustment for co-
variates was performed in the main analysis.
However, we performed supplementary analyses
with adjustment for age, sex, and smoking status.
The trial was reported in accordance with the
CONSORT (Consolidated Standards of Reporting
Trials) guidelines for cluster-randomized trials.”
Using data from the previous Vietnam Na-
tional Tuberculosis Prevalence Survey, we esti-
mated that the prevalence of culture-proven tu-
berculosis in the control group was 350 per
100,000 population.* We estimated that each
trial group would need to include 55 subcom-
munes, each with a population of 1000 persons
15 years of age or older (i.e., approximately
55,000 participants) to provide the trial with
90% power to detect a prevalence ratio for mi-
crobiologically confirmed pulmonary tuberculo-
sis of 0.6 or lower, assuming a type 1 error rate
(alpha level) of 0.05.%° We planned to select 60
subcommunes for each trial group (total of 120)
to provide a margin for error and to allow for
nonparticipation. Further details of the sample
size and power calculations are provided in the
Supplementary Appendix.
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Table 1. Participation in the Intervention Screening and the Prevalence Survey.*

Variable

Year 1

18,787
51,460 (100)
44,129 (85.8)

Households — no.
Persons =15 yr of age — no. (%)

Persons contacted to seek consent —
no. (%)

Persons capable of giving consent —
no. (%)

Persons who gave oral consent to par-
ticipate — no. (%)

43,781 (85.1)
43,425 (84.4)

Persons in whom sputum collection
was attempted — no. (%)

40,050 (77.8)

Persons with adequate sputum sample
for Xpert testing — no. (%)

23,282 (45.2)

Community-wide Screening Intervention

Intervention

Year 2 Year 3 Group

20,762
55,080 (100)
44,364 (80.5)

21,478
56,895 (100)
44,645 (78.5)

21,593
56,763 (100)
42,515 (74.9)

44117 (80.1) 44,343 (77.9) 42,219 (74.4)

44,082 (80.0) 44,311 (77.9) 42,150 (74.3)

37,548 (68.2) 35,415 (62.2) 31,396 (55.3)

22,375 (40.6) 19,890 (35.0) 18,837 (33.2)

Fourth-Year Prevalence Survey

Control Group
18,238
48,345 (100)
42,068 (87.0)

41,777 (86.4)
41,680 (86.2)
32,881 (68.0)

19,687 (40.7)

* Among 949 subcommunes (roughly equivalent to a village or suburb with an average population of approximately 1000 persons =15 years
of age) in Ca Mau Province, Vietnam, 120 were randomly selected to be included in the trial. Random selection was stratified according to
district, with the probability of being selected proportional to the size of the subcommune at baseline. The subcommunes were randomly
assigned to the community-wide screening intervention (intervention group) or no intervention (control group), with 60 subcommunes in

each group.

7 Sputum samples that had a volume of at least 0.5 ml were deemed adequate for examination with the Xpert MTB/RIF test (Cepheid), a rap-

id nucleic acid amplification assay.

RESULTS

TRIAL PARTICIPANTS

Among the eligible participants in the interven-
tion group, 43,425 (84.4%) in the first year, 44,082
(80.0%) in the second year, and 44,311 (77.9%)
in the third year provided oral informed consent,
of whom 23,282, 22,375, and 19,890, respectively
(45.2%, 40.6%, and 35.0% of the total number of
participants), produced sputum samples that were
suitable for Xpert testing (Table 1). In the fourth-
year prevalence survey, 42,150 eligible participants
(74.3%) in the intervention group and 41,680 eli-
gible participants (86.2%) in the control group
provided oral informed consent, of whom 18,837
(44.7%) and 19,687 (47.2%), respectively, produced
sputum samples that were suitable for testing
(Table 1).

The trial population in the fourth-year preva-
lence survey included slightly more female partici-
pants than male participants (Table 2). Most par-
ticipants had no additional training after leaving
school, and the most common participant-report-
ed occupations, apart from domestic duties, were
laborer and agricultural worker. Approximately
half the participants had health insurance cover-

N ENGL ) MED 381;14

age. The prevalence of participant-reported dia-
betes was 0.55% in the intervention group and
0.54% in the control group. The prevalence of
participant-reported cough on the day of testing
was 5.4% in the intervention group and 6.0% in
the control group.

PRIMARY OUTCOME

Among the participants in the intervention group,
169 in the first year (389 per 100,000 population),
136 in the second year (308 per 100,000), 78 in
the third year (176 per 100,000), and 53 in the
fourth-year prevalence survey (126 per 100,000)
had sputum samples positive for M. tuberculosis
on the Xpert test (Table S1 in the Supplementary
Appendix). Among the participants in the control
group, 94 (226 per 100,000) in the year 4 preva-
lence survey had sputum samples positive for
M. tuberculosis on the Xpert test.

Among the participants who had sputum sam-
ples positive for M. tuberculosis on the Xpert test,
the percentage of those who also had at least one
mycobacterial culture that grew M. tuberculosis
ranged from 52.1% in the control group in the
fourth year to 75.6% in the intervention group in
the third year. In each year of the trial, chest ra-
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Table 2. Demographic, Clinical, and Social Characteristics of the Trial Population in the Fourth-Year Prevalence Survey
(2017-2018).%

Intervention Group Control Group
Characteristic (N=42,150) (N=41,680)
Age —yr 43.6+16.1 43.2+16.5
Male sex — no. (%) 19,343 (45.9) 19,082 (45.8)
Participant-reported symptoms — no. (%)
Cough on day of testing 2264 (5.4) 2506 (6.0)
Cough every day during the past 2 wk 532 (1.3) 812 (1.9)
Sputum on day of testing 1631 (3.9) 1817 (4.4)
Sputum every day during past 2 wk 365 (0.9) 532 (1.3)
Blood-stained sputum 78 (0.2) 97 (0.2)
Smoking status — no. (%)
Daily 7547 (17.9) 7285 (17.5)
Occasionally 576 (1.4) 438 (1.1)
Not at all 34,027 (80.7) 33,957 (81.5)
Highest level of education attained — no./total no. (%)
Did not attend school at all 30/4193 (0.7) 23/4072 (0.6)
Did not complete primary school 52/4193 (1.2) 4374072 (1.1)
Completed primary school 1664/4193 (39.7) 1449/4072 (35.6)
Completed secondary school, grades 6 to 9 1579/4,193 (37.7) 173774072 (42.7)
Completed high school, grades 10 to 12 631/4193 (15.0) 573/4072 (14.1)
Completed college or higher 237/4193 (5.7) 247/4072 (6.1)
Occupation — no./total no. (%)t
Student 201/4193 (4.8) 214/4072 (5.3)
Unemployed 67/4193 (1.6) 93/4072 (2.3)
Indoor manual laborer 845/4193 (20.2) 878/4072 (21.6)
Outdoor manual laborer 275/4193 (6.6) 286/4072 (7.0)
Agricultural worker 798/4193 (19.0) 636/4072 (15.6)
Fisherman 214/4193 (5.1) 215/4072 (5.3)
Office worker 223/4193 (5.3) 226/4072 (5.6)
Domestic duties 1477/4193 (35.2) 1331/4072 (32.7)
Small trader 401/4193 (9.6) 381/4072 (9.4)
Retired 26/4193 (0.6) 26/4072 (0.6)
Transportation workers: 94/4193 (2.2) 87/4072 (2.1)
Participant-reported health insurance coverage — 2446/4193 (58.3) 2183/4072 (53.6)
no./total no. (%)
Participant-reported diabetes — no./total no. (%) 22/3983 (0.6) 21/3889 (0.5)

* Plus—minus values are means +SD. Information on educational attainment, occupation, health insurance coverage, and his-
tory of diabetes was sought from a randomly selected subsample of participants comprising 10% of the trial population.

T Participants could report more than one occupation.

I Transportation worker includes drivers of vehicles (e.g., motor bikes, taxis, boats, and cars).

diography was performed in more than 90% of chest radiographic findings that were reported
the participants who had a sputum sample posi- to be consistent with tuberculosis by both read-
tive for M. tuberculosis on the Xpert test. Among ers ranged from 66.2% in the intervention group
these participants, the percentage of those with in the first year to 69.9% in the intervention group
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in the third year. Further details on the mycobacte-
rial and radiographic findings are provided in
Tables S2 through S5 in the Supplementary Ap-
pendix.

The prevalence ratio for microbiologically con-
firmed tuberculosis (i.e., a sputum sample positive
for M. tuberculosis on the Xpert test) in the interven-
tion group, as compared with the control group,
was 0.56 (95% confidence interval [CI] 0.40 to
0.78; P<0.001) (Table 3). The number of persons
needed to have been screened annually for 3 years
to prevent one prevalent case of tuberculosis in
the fourth year was 1002.

In the sensitivity analysis, when confirmed
tuberculosis was defined as a sputum sample
positive for M. tuberculosis on the Xpert test plus
at least one culture positive for M. tuberculosis or
radiographic findings reported to be consistent
with tuberculosis by two readers (one of the two
subsidiary outcomes), the prevalence ratio was the
same as that observed in the primary analysis
(0.56; 95% CI, 0.39 to 0.79) (Table 3). When con-
firmed tuberculosis was defined as a sputum
sample positive for M. tuberculosis on the Xpert
test plus at least one culture positive for M. tuber-
culosis (the other subsidiary outcome), the effect
size was smaller (prevalence ratio, 0.65; 95% CI,
0.41 to 1.02). Adjustment for age, sex, and smok-
ing status did not substantially alter the findings
for the primary outcome (Table S6 in the Supple-
mentary Appendix).

SECONDARY AND POST HOC OUTCOMES
A total of 1217 children in the intervention group
and 1006 in the control group were born during
2012, as enumerated in the fourth year of the
trial. Among these children, the prevalence of
tuberculosis infection was assessed with the use
of an interferon gamma release assay (Quanti-
FERON-TB Gold Plus) in 702 (57.7%) in the in-
tervention group and in 707 (70.3%) in the con-
trol group (Table S7 in the Supplementary
Appendix). A total of 23 children in the interven-
tion group (3.3% of those with valid test results)
and 18 children in the control group (2.6% of
those with valid test results) had positive Quan-
tiFERON tests (Table 4). The prevalence ratio for
a positive QuantiFERON test among the children
in the intervention group, as compared with
those in the control group, was 1.29 (95% CI,
0.70 to 2.36) (P=0.42).

A total of 1290 children in the intervention

group and 1229 in the control group were ran-
domly selected to be included in a post hoc analy-
sis of children born between January 1, 2004,
and December 31, 2011. Among these children,
the prevalence of tuberculosis infection was as-
sessed with the use of the QuantiFERON test in
781 (60.5%) in the intervention group and in 770
(62.7%) in the control group. A total of 32 chil-
dren in the intervention group (4.1% of those
with valid test results) and 64 children in the con-
trol group (8.3% of those with valid test results)
had positive QuantiFERON tests. The prevalence
ratio for a positive QuantiFERON test among the
children in the intervention group, as compared
with those in the control group, was 0.50 (95% CI,
0.32 to 0.78).

DISCUSSION

The ACT3 trial has shown that a community-
wide active case-finding intervention, in which a
nucleic acid amplification assay was used to de-
tect M. tuberculosis in spontaneously expectorated
sputum samples collected annually from persons
15 years of age or older, regardless of symptoms,
for 3 years, was effective in reducing the preva-
lence of microbiologically confirmed pulmonary
tuberculosis. Our finding is broadly consistent
with the 41% decline in culture-confirmed pulmo-
nary tuberculosis observed between baseline and
postintervention assessments in the DETECTB
trial (performed in Zimbabwe), in which two
community-wide active case-finding methods were
compared in an area with a high prevalence of
human immunodeficiency virus.?” In our trial, the
analogous observation (i.e., the reduction in the
prevalence of Xpert test—positive, culture-con-
firmed pulmonary tuberculosis from the first
year to the fourth-year prevalence survey) was
64% (Table S1 in the Supplementary Appendix).
The Zambia South Africa TB and HIV Reduction
(ZAMSTAR) study,?® also performed in sub-Saha-
ran Africa, did not include a study group that
received usual care or standard passive case de-
tection, and it did not show a significant effect
of either of the tested interventions on the preva-
lence of tuberculosis. The findings from our trial
are most consistent with those observed over 50
years ago in a trial performed in Alaska.’® How-
ever, it is not possible to distinguish the separate
effects of active case finding and treatment of
latent tuberculosis infection (with isoniazid) in
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that trial. In contrast, in our trial the interven-
'§ £ tion was limited to active case finding.
g g E The incremental effect of the intervention
A3Y observed in our trial, if converted to an annual-
c o= . . . .
$ o0 ized rate of decline in tuberculosis prevalence,
o [T . .
P - N o <« would be nearly 15% per annum during the im-
288 % 8 9 3 . . . Lo
> S = N = lementation of annual active screening, which is
I - o 'g 1)
2x90 higher than the 3% to 7% annual rate of decline
- gk
I >V observed in countries where two or more preva-
DT E
222 lence surveys have been conducted®** and also
S <3 higher than the current worldwide rate of decline
o . . . .
. in incidence, estimated by the WHO to be 2% per
s annum.® Furthermore, the number of persons
) = ’
gg1 5 S = needed to have been screened annually for 3 years
—4 S a P
s558 £ § g o 0 3 to prevent one prevalent case of tuberculosis in
S o . . .
€52 5 ~ ¥g the fourth year was 1002. Hence, this trial pro-
falg © 8
e £ g = vides evidence to support the implementation of
: Eg lence to sup . :
S g community-wide active case finding as an inter-
# =i vention to substantially accelerate progress toward
< 2 g
S 2 S 2 = = 25 the goal of tuberculosis elimination. However,
5= = x =) N = . . .
£ - X = — S »g further research is required to clarify the appro-
= o= un <9 | T = 0
[T [ | [ o . . . .
a g £ % % < g‘ § ga priate type, duration, and timing of screening,
£ 58 § & = = = the effect on disease transmission, and the du-
o 3 v € o© 3 0 o ’
£ g€ § 2 S & S5 rability of the benefits.
° =8¢ The prevalence of tuberculosis infection amon
) T o
& =g children born 1 to 2 years before the interven-
i = = o .
° o =25 tion started (a prespecified secondary outcome)
o f o S o a
S Ss =R ; . . .
S £908 =~ —~ — 9= g was not lower in the intervention group than in
<< A O S (=) o < ST o .
> gV 5 8 o S ~ ag e the control group. However, a post hoc analysis
2 §28Y 8 7 <& -~ 223 .
5 sE4 S 3 2 3 £ E3R of older children, who were 3 to 10 years of age
v R 3% ’
3 o™ g o 2Z in the first year of the intervention, showed that
g =% s o 2 ’
< S 222 the prevalence of tuberculosis infection was 50%
S < g g3 . X . )
g o =3 £28 lower among the children in the intervention
o o P .
5 £3 ) = g =1 group than among those in the control group.
] 5SS S d — . . .
> EVR & & ™~ S S w The difference in findings between these two age
<= e = % — - £ © . . .
£ g % § £ = o = S2F cohorts implies that the older children, but not
<} 2 ] [} [aa) ) o = b= . .
= g2z S ™ = §§ = the younger children, benefited from reduced
[ ~ (el o . .
= &2 0% ® transmission consequent to the reduced prevalence
c = £ oV
@ 2 a g of tuberculosis among persons 15 years of age or
wn c o
o " o @ . L s§2o older.
3 % % 3 G 2SS = . e
5 £ 8= 8=%% 853 Our trial has several limitations. Some of the
() © = - = o
E s Se S5e®E @35 results of the Xpert MTB/RIF tests of the sputum
= < < 5 S 5T 2 =D
z 2 ’g Roc? g"*g g samples were likely to have been false positive or
: 2 2 - c v o . .
é = =28 328955 |59 false negative, and only approximately half the
S S+='a o0+*% © > L.
= e ee8 ew8RF |5 oF articipants were able to spontaneously produce
o 2 253 85525 | &3
% ] 255 25552 | 8328 a suitable volume of sputum for testing. These
o S g Sl STwRol [ 273 .y . . . .
g 2 8 853 353E8 (383 findings have implications for both the interven-
3 £ 28 8¢ E 28 § &3 8¢ tion (because the Xpert MTB/RIF test was used as
Er E¢ E ¢ = S s . . .
o a S 560 sl |28 the primary diagnostic tool) and the assessment
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- £ EX EX5 EX5T8 | 8253 | ofeffectiveness (because the Xpert MTB/RIF test
o S 25 265 2565&£32 |g8EQ . .
o 5 3 3 3 o 2 eg | was used to assess the primary outcome in the
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°© e < S''S2 | prevalence survey in the final year). We have pre-
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Table 4. Prevalence of Latent Tuberculosis Infection among Children.*

Analysis Population

Children born during 2012

Children born between January 1,
2004, and December 31, 2011

Prevalence in the
Intervention Group

no. of positive tests/no. of valid test results (% [95% Cl])

23/701 (3.3 [2.0-4.6])
32/779 (4.1[2.7-5.5])

Prevalence Ratio
Prevalence in the (Intervention vs.
Control Group Control)

estimate (95% Cl)

18/705 (2.6 [1.4-3.7))
64/769 (8.3 [6.4-10.3))

1.29 (0.70-2.36)F
0.50 (0.32-0.78)

* The prevalence of tuberculosis infection was determined with the use of an interferon gamma release assay

(QuantiFERON-TB Gold Plus, Qiagen).
+P=0.42.

viously shown, using mycobacterial culture and
plain chest radiographic findings from the first
year of the screening intervention in this trial,*
that the positive predictive value of the Xpert
MTB/RIF test for the detection of M. tuberculosis
in the context of community-wide screening for
tuberculosis in Ca Mau Province, Vietnam, is be-
tween 61% and 84%, depending on the reference
standard that was applied, and that the estimated
specificity of the test is between 99.78% and
99.93%. Although it is possible that some par-
ticipants were treated for tuberculosis unneces-
sarily, the algorithm used by the clinicians who
made treatment decisions for the participants with
screen-detected tuberculosis who were referred to
them makes this relatively unlikely. The reported
overall sensitivity of the Xpert MTB/RIF test is
89% (95% credible interval, 85 to 92), with higher
sensitivity in cases with an acid-fast bacilli-posi-
tive smear (98%; 95% credible interval, 97 to 99).3*
It is possible that our procedure for pooling two
sputum samples before testing may have slightly
reduced the sensitivity, although there is evi-
dence that this is unlikely.>3¢ It is probable that
some cases of active pulmonary tuberculosis will
have been missed with the use of this active
screening algorithm because of either the inabil-
ity of the participant to produce a suitable spu-
tum sample or false negative Xpert tests. Never-
theless, it is likely that patients with tuberculosis
who are most infectious to others — and who
are the most important to identify and treat —
will have been able to produce a spontaneous
sputum sample, which will have had a high bac-
illary burden® and hence a high probability of
testing positive for M. tuberculosis on the Xpert
test.3* It is also possible that false positive and
false negative results for M. tuberculosis on Xpert

tests may have affected the prevalence estimates
in the fourth-year survey. This may have attenu-
ated the magnitude of the observed effect. Fur-
ther discussion of the limitations in this trial is
provided in the Supplementary Appendix.

The strengths of this trial include its imple-
mentation in collaboration with the National Tu-
berculosis Program of Vietnam. Locally employed
staff implemented the screening procedure, and
the local tuberculosis program undertook the
management of all screen-detected cases, which
were further assessed in the regional reference
laboratory of the National Tuberculosis Program.
Together with the high participation rate in the
screening intervention, this collaboration lends
support to the potential scalability of the inter-
vention. The high participation rate in the fourth-
year prevalence survey reduces the risk that the
findings were adversely affected by selection bias.
The application of the Xpert MTB/RIF test as the
initial diagnostic tool in this trial, in place of the
more conventional plain chest radiograph, proved
to be feasible.*®

A number of issues require investigation be-
fore this community-wide active case-finding
method is further implemented and scaled up to
national tuberculosis control programs. The gen-
eralizability of these findings needs to be as-
sessed in other settings and populations, as does
the feasibility of scaling up screening with the
nucleic acid amplification tests, such as the Xpert
MTB/RIF test. The role of alternative first-stage
screening tests, such as less expensive or more
sensitive nucleic acid amplification tests performed
on sputum samples,*® blood tests,* or chest ra-
diography, including the possible use of artificial
intelligence algorithms to interpret the findings,*
needs to be evaluated, as does the effect of alter-
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native schedules for screening (i.e., longer or
shorter intervals between screenings) and the
appropriate duration of the screening period. This
trial was conducted in an area with a strong, cen-
trally managed National Tuberculosis Program.
The feasibility of implementing this approach in
areas without such a program remains to be
established. Finally, the role, if any, of popula-
tion-wide treatment of latent tuberculosis infec-
tion, as an adjunct to active case finding, needs
to be assessed.’®* We need to know more about
the relation between these variables, as well as
their costs and effectiveness, including the cost
savings from the prevention of future cases, to
be able to make recommendations to national
and global policy agencies.

In conclusion, we found that annual commu-
nity-wide screening for tuberculosis in an area in

which tuberculosis is endemic was more effec-
tive than standard passive case detection alone
in reducing the prevalence of tuberculosis in the
population.
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