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Abstract: Across Asia, a large proportion of people with tuberculosis (TB) do not report symptoms,
have mild symptoms or only experience symptoms for a short duration. These individuals may
not seek care at health facilities or may be missed by symptom screening, resulting in sustained TB
transmission in the community. We evaluated the yields of TB from 114 days of community-based,
mobile chest X-ray (CXR) screening. The yields at each step of the TB screening cascade were tabulated
and we compared cohorts of participants who reported having a prolonged cough and those reporting
no cough or one of short duration. We estimated the marginal yields of TB using different diagnostic
algorithms and calculated the relative diagnostic costs and cost per case for each algorithm. A total of
34,529 participants were screened by CXR, detecting 256 people with Xpert-positive TB. Only 50% of
those diagnosed with TB were detected among participants reporting a prolonged cough. The study’s
screening algorithm detected almost 4 times as much TB as the National TB Program’s standard
diagnostic algorithm. Community-based, mobile chest X-ray screening can be a high yielding strategy
which is able to identify people with TB who would likely otherwise have been missed by existing
health services.
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1. Introduction

An estimated 170,000 people developed tuberculosis (TB) in Vietnam in 2019, resulting in
11,400 TB-related deaths [1]. Vietnam recently completed its second national TB prevalence survey [2],
which documented a 59.9% reduction in smear-positive TB prevalence in the 11 years since the
country’s first TB prevalence survey was conducted [3]. However, the new prevalence survey results
demonstrated that Vietnam’s total estimated TB burden was higher than previously thought, due to
improved survey methods and the use of more sensitive TB diagnostic tests. In light of these findings,
the World Health Organization (WHO) revised Vietnam’s official TB burden, and between 2018 [4] and
2019 [1], the National TB Program’s (NTP) official estimated TB treatment coverage declined from 83%
to 60%. Low TB treatment coverage presents an immense challenge to achieving the WHO’s End TB
Strategy’s 90% TB incidence rate reduction target by 2035 [5], as people with untreated TB continue to
transmit the disease.

One of the major barriers to improving TB treatment coverage is that a large proportion of people
with TB either do not report symptoms (sub-clinical) or they have mild symptoms and/or have been
experiencing symptoms for a short-duration of time (low-grade). These individuals often do not feel
compelled to seek out screening and care services and, thus, are frequently missed by health programs.
Across Asia, modern TB prevalence surveys have shown that 40–79% of adults with culture-confirmed,
pulmonary TB do not report a prolonged cough (≥2 weeks) [6], and a recent meta-analysis indicates
that the proportion of people with sub-clinical and low-grade TB may be significantly higher in
Asia compared to Africa [7]. Vietnam’s second TB prevalence survey results seem to affirm these
findings; 42% of the people with TB detected by the survey did not report a prolonged cough [2].
These individuals were only indicated for diagnostic testing through the use of chest X-ray (CXR)
screening. However, WHO guidelines on the use of CXR for TB screening indicate that access to
high-quality radiography services can also form a barrier to health-seeking [8]. One root cause is
the potentially limited availability of radiography equipment and radiologists. Even if high-quality
radiography services are available, their facility-based nature and dependency on opening hours,
travel time and associated costs further hinder the integration and use of CXR screening for TB in
programmatic settings [9].

A second major barrier to improving TB treatment coverage in Vietnam is the continued reliance
on acid fast bacilli (AFB) smear microscopy for diagnosis of TB and the need for smear-negative
individuals to undergo a lengthy clinical evaluation process in accordance with NTP guidelines [10].
To address some of these barriers, Vietnam’s NTP recently endorsed projects which pilot the use of
CXR screening to both triage symptomatic individuals away from follow-on molecular diagnostic
testing with the Xpert MTB/RIF assay (Xpert; Cepheid, Sunnyvale, CA, USA) and to indicate testing
for people with mild or no TB symptoms [11]. This screening and testing approach is locally dubbed
the ‘Double-X’ or ‘2X’ diagnostic algorithm (X-ray to Xpert).

Several recent active case-finding campaigns across Asia have used CXRs to increase the detection
of TB, particularly sub-clinical and low-grade TB. On Palawan island in the Philippines, mobile X-ray
trucks were used to screen 25,000 people across various target populations [12]. Between 24.0% and
54.7% of those diagnosed with TB did not report a prolonged cough. In Cambodia, mobile X-rays were
used to screen over 21,000 older people (aged ≥ 55 years) in the community [13]. If prolonged cough
had been used as the only positive screening criterion, just 31.6% the people diagnosed with TB by the
initiative would have been detected. In Pakistan, a fleet of mobile X-ray trucks were used to screen
over 127,000 people in the community and also those visiting hospital outpatient departments [14].
Just 45.0% of the people screened by CXR reported a prolonged cough. This initiative did not report
its case detection yields disaggregated by symptom status, as only computer-aided reading (CAR)
software interpretations of CXR images were used to indicate follow-on diagnostic testing. Several
other small-scale studies have also used CXR screening among key populations, including household
contacts [15,16] and inmates [17,18], and have reported the detection of high proportions of sub-clinical
and low-grade TB.
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In Vietnam, due to the cost of human resource capacity-building, laboratory and equipment
infrastructure and molecular assay kits, the Ministry of Health requires further evidence on the marginal
yield and associated costs to formalize the scale up and transition to the X-ray to Xpert algorithm.
We conducted an evaluation to quantify the benefit of using CXR screening and molecular testing in a
programmatic, community-based active TB case finding initiative in Ho Chi Minh City, Vietnam.

2. Materials and Methods

2.1. Study Setting

Between 24 March 2018 and 13 October 2019, Friends for International TB Relief and its partners
organized 114 days of CXR screening for TB at 235 unique locations (Figure 1) across seven intervention
districts of Ho Chi Minh City, Vietnam (Districts 06, 08, 12, Binh Chanh, Go Vap, Hoc Mon and Tan
Binh). These seven districts had a combined population of over 3.4 million people in 2017, the year
before this intervention began, and their combined TB notification rate was 141 per 100,000 population.
Each district contained one District TB Unit (DTU), which managed TB diagnosis and treatment in
collaboration with a network of Commune Health Stations and under the technical supervision of the
Provincial TB Program at Pham Ngoc Thach Hospital (PNTH).

These seven districts were selected for inclusion in a two-year, controlled evaluation study
comparing the performance of different community healthcare worker (CHW) employment models on
the yields, impact and cost of community-based active TB case-finding due to their low case detection
and notification rates [19]. In this evaluation study, CHWs screened household contacts and other
urban priority groups for symptoms of TB and made referrals for facility-based CXR screening services
and follow-on diagnostic testing [20]. Community-based, mobile CXR screening was implemented as
a secondary strategy to reduce some of the barriers study participants faced when trying to access
facility-based radiography services.
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2.2. Participant Mobilization

The location for each CXR screening event was selected at least two weeks in advance of
implementation. Commune Health Stations, local government offices, schools and churches/pagodas
were the most commonly selected sites for screening due to their prominent placement in communities,
open spaces for group congregation and availability of water, stable electricity and sanitary facilities.
The project’s X-ray truck was frequently moved to a second or third location during the day in an
attempt to further reduce geographical access barriers to screening. Community members living
in the catchment area of each screening location were sensitized about TB and the availability of
upcoming CXR screening services with support from the District- and Commune-level government
health staff, civil society organizations (e.g., Women’s Union, Retirement Association, Red Cross, etc.)
and the study’s network of CHWs. Participant mobilization was enhanced through the distribution of
individualized letters of invitation from each Commune’s People’s Committees, notices on community
announcement boards and banners hung in highly visible areas. To maximize TB yields, we targeted
urban priority populations for TB, including household contacts, older individuals (≥55 years),
people living with HIV or diabetes, people living in socioeconomically disadvantaged areas and
others who had TB symptoms. CXR screening events were primarily hosted on Saturdays and
Sundays, and occasionally on Fridays, in an attempt to improve access for people who were otherwise
obligated during the work week. The events provided screening for additional diseases such as chronic
obstructive pulmonary disorder (COPD), asthma, high blood pressure and diabetes to reduce any
perceived stigma associated with hosting TB-focused events among the target populations. A VND
10,000 (approximately USD 0.44) cash incentive was provided to all study participants who completed
CXR screening, to defray some of the costs of travel to the event.

2.3. Screening and Diagnosis of TB

At the screening events, medical student volunteers and CHWs administered a TB symptom
questionnaire using a custom-built mHealth app loaded onto Android tablets (Clinton Health Access
Initiative/TechUp, Ha Noi, Vietnam), but symptom-screening data were not used to indicate follow-on
diagnostic testing. Instead, all participants were referred for CXR screening, whether or not they had
symptoms of TB. Digital CXR images were immediately read and classified by a certified radiologist
who was instructed to intentionally over-read the CXR images, in line with WHO’s guidelines for
CXR classification during TB prevalence surveys [21]. All individuals with an abnormal CXR were
guided to provide a good-quality sputum specimen using an instructional aide. Sputum specimens
were stored locally until the end of each screening day and were subsequently transported to a nearby
laboratory for testing with Xpert.

If an individual was unable to provide a good-quality sputum specimen during the event, a CHW
attempted another collection at their home to improve sputum submission rates. People diagnosed
with drug-sensitive TB were initiated on treatment at the District TB Units, while people with
rifampicin-resistant Xpert results were referred to PNTH for additional testing and drug-resistant TB
treatment initiation.

2.4. Statistical Analyses

De-identified data were extracted from the study’s mHealth database. The yields at each step
of the TB screening cascade [22] were then tabulated, disaggregated by cough duration, age group
and gender. Pearson’s χ2 test was used to measure the significance of differences between cohorts
of participants who reported having a prolonged cough (≥2 weeks) and those with a cough of short
duration (<2 weeks) or no cough at all.

We estimated the marginal yields of bacteriologically-confirmed (Bac[+]) TB for various screening
and diagnostic algorithms using a mix of study data (e.g., proportions of participants having a prolonged
cough or a cough of any duration) and AFB smear microscopy testing performance characteristics from
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the literature. Actual Xpert yields were converted into estimated culture yields using an 85% sensitivity
rate for Xpert [23] and then AFB smear microscopy yields were estimated using a 43% sensitivity
rate [24]. We did not attempt to estimate the yields of TB for participants with symptoms and normal
CXR results, as the TB prevalence in this cohort was estimated to be <10 per 100,000 in Vietnam’s second
TB prevalence survey [2]. The following six screening and diagnostic algorithms were investigated:
(1) cough for ≥2 weeks followed by AFB smear microscopy testing, (2) cough for ≥2 weeks followed by
Xpert testing, (3) any cough followed by AFB smear microscopy testing, (4) any cough followed by
Xpert testing, (5) CXR abnormal followed by AFB smear microscopy testing and (6) CXR abnormal
followed by Xpert testing.

Finally, we estimated the relative diagnostic costs and cost per Bac(+) TB case incurred by the
health system for each of the aforementioned screening and diagnostic algorithms. Diagnostic costs
were obtained from a Vietnamese health systems costing study [25], including USD 0.18 per AFB
smear microscopy test performed and USD 11.12 per Xpert test performed (USD 0.83 for consumables,
USD 9.98 for the Xpert cartridge [26] and USD 0.31 for shipping (obtained from the study’s Cepheid
shipping documents)). The cost of a provincial-level laboratory technician (USD 216 per month) was
also included for the full 19-month project duration. When a diagnostic algorithm resulted in more
than an average of 20 sputum tests being conducted per working day, the costs for additional laboratory
technicians were included, in line with global TB laboratory standards [27]. We estimated the cost
of each CXR image captured and read to be USD 1.53, based on the study’s contract with the X-ray
truck rental company (VND 35,000 per image) and used the average interbank exchange rate during
the study period to convert into USD (VND 22,949 per 1 USD) [28]. We modeled the number of CXR
screens and sputum tests for each algorithm and applied the aforementioned unit costs and added the
laboratory technician costs. The cost per Bac(+) case was calculated by dividing the total diagnostic
testing costs by each algorithm’s estimated yield. We did not differentiate between the detection of
drug-sensitive and -resistant TB; the incremental costs for confirming a drug-resistant TB diagnosis
have been reported elsewhere [25].

2.5. Ethical Considerations

The Institutional Review Board of PNTH (155/NCKH-PNT) granted scientific and ethical approval
for this study. The Provincial People’s Committee of Ho Chi Minh City approved the implementation
of the intervention (4699/QD-UBND).

3. Results

3.1. Yields of TB

Table 1 shows the yields of TB at defined points along the screening cascade. A total of 34,529 participants
were screened by CXR, an average of 302 people per day. Over 4700 people had their CXR image
classified as abnormal (13.7%) and 2670 people were tested on Xpert (56.5% of eligible). Screening
resulted in the detection of 256 people with Xpert-positive TB (9.6% of those tested) translating to an
overall TB detection/prevalence rate of 741 per 100,000. Furthermore, 84.4% of participants diagnosed
with TB were male and 62.9% were aged 55 years and over.

Just 27.3% of all participants (n = 9430) reported having a cough lasting ≥2 weeks. This cohort
of participants had a significantly higher CXR abnormality rate (16.1% vs. 12.8%, p < 0.001), sputum
collection and testing rate (64.3% vs. 52.9%, p < 0.001) and Xpert test positivity (13.1% vs. 7.5%,
p < 0.001) compared to participants with a cough of short duration or no cough at all. Participants
with a prolonged cough had a TB detection/prevalence rate of 1357 per 100,000 screened, compared to
510 per 100,000 screened for participants with a cough of short duration or no cough at all. However,
only 50% of the total number of people diagnosed with TB by the study (128/256) were detected among
participants with a prolonged cough. Among those diagnosed with TB, a higher proportion of people
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with sub-clinical and low-grade TB was observed among older compared to younger people (52.8% vs.
45.3%) and men compared to women (51.9% vs. 40.0%).

Table 1. Yields of tuberculosis (TB) screening by cough status, age group and gender.

All Participants Cough ≥ 2 Weeks Cough < 2 Weeks
and No Cough

All Participants

Screened by chest X-ray (CXR) 34,529 9430 25,099
CXR abnormal 4722 (13.7%) 1515 (16.1%) 3207 (12.8%)
Tested using the Xpert
MTB/RIF assay (Xpert) 2670 (56.5%) 974 (64.3%) 1696 (52.9%)

Xpert(+) TB detected 256 (9.6%) 128 (13.1%) 128 (7.5%)
Xpert(+) TB prevalence rate 741 1357 510

Aged 15–54 Years

Screened by CXR 12,896 3311 9585
CXR abnormal 1063 (8.2%) 337 (10.2%) 726 (7.6%)
Tested by Xpert 664 (62.5%) 253 (75.1%) 411 (56.6%)
Xpert(+) TB detected 95 (14.3%) 52 (20.6%) 43 (10.5%)
Xpert(+) TB prevalence rate 737 1571 449

Aged ≥ 55 Years

Screened by CXR 21,633 6119 15,514
CXR abnormal 3659 (16.9%) 1178 (19.3%) 2481 (16.0%)
Tested by Xpert 2006 (54.8%) 721 (61.2%) 1285 (51.8%)
Xpert(+) TB detected 161 (8.0%) 76 (10.5%) 85 (6.6%)
Xpert(+) TB prevalence rate 744 1242 548

Males

Screened by CXR 14,609 4409 10,200
CXR abnormal 2980 (20.4%) 1023 (23.2%) 1957 (19.2%)
Tested by Xpert 1950 (65.4%) 724 (70.8%) 1226 (62.6%)
Xpert(+) TB detected 216 (11.1%) 104 (14.4%) 112 (9.1%)
Xpert(+) TB prevalence rate 1479 2359 1098

Females

Screened by CXR 19,920 5021 14,899
CXR abnormal 1742 (8.7%) 492 (9.8%) 1250 (8.4%)
Tested by Xpert 720 (41.3%) 250 (50.8%) 470 (37.6%)
Xpert(+) TB detected 40 (5.6%) 24 (9.6%) 16 (3.4%)
Xpert(+) TB prevalence rate 201 478 107

3.2. Marginal Yield Analysis and Relative Diagnostic Costing

Table 2 shows the results of the marginal yield analysis and relative diagnostic costing. If the NTP’s
standard diagnostic algorithm of testing people with a cough for ≥2 weeks with AFB smear microscopy
had been followed, we estimate that just 65 would have been diagnosed with smear-positive TB.
This algorithm has the lowest total diagnostic costs at USD 9915 and second lowest cost per Bac(+)
case detected of USD 153.12. Identification of cough of any duration, followed by Xpert testing proved
to the most expensive algorithm to implement overall at USD 176,131. Although this algorithm is
estimated to detect 2.8×more people with TB than the NTP’s standard diagnostic algorithm, it still had
a cost per case of USD 978.51. CXR screening followed by Xpert testing detected the most people with
TB-almost 4× as many as the NTP’s standard diagnostic algorithm. Since CXRs were used to triage
people with symptoms away from Xpert testing and the cost for a CXR is substantially lower than
that of an Xpert test in Vietnam, the overall diagnostic costs were cheaper than direct Xpert testing
for participants with either a cough of any duration or only those with a cough lasting ≥2 weeks.
The X-ray to Xpert algorithm had an overall cost of USD 109,274 and a cost per TB case detected of
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USD 426.85. This cost per case figure was substantially lower than any other diagnostic algorithm
involving Xpert testing.

Table 2. Marginal yields of TB from various diagnostic algorithms and their relative diagnostic costs
(USD).

CXR
Screens

AFB
Tests

Xpert
Tests

Estimated
TB Yield

Marginal
TB Yield

Total
Diagnostic

Costs

Cost per
Bac(+) Case

Detected

Cough ≥ 2 weeks followed by
acid-fast bacilli smear

microscopy (AFB)
0 9430 0 65 - 9915 153.12

Any cough followed by AFB 0 15,101 0 91 +40.6% 10,941 120.16

Cough ≥ 2 weeks followed by
Xpert MTB/RIF assay (Xpert) 0 0 9430 128 +97.7% 113,070 883.36

Chest X-ray (CXR) abnormal
followed by AFB 34,529 4722 0 130 +100.0% 57,620 444.92

Any cough followed by Xpert 0 0 15,101 180 +178.0% 176,131 978.51

CXR abnormal followed by Xpert 34,529 0 4722 256 * +295.3% 109,274 426.85

* Actual total yield.

4. Discussion

This evaluation shows that programmatic community-based CXR screening followed by Xpert
testing can result in high yields of TB among people who are likely to be missed by existing government
health services. We recorded an Xpert-positive TB prevalence which is more than 2.5× the Xpert-positive
TB prevalence in the Southern Region of Vietnam [2], indicating that our community sensitization
efforts were effective at targeting and mobilizing higher risk individuals. In addition, half of the people
diagnosed in this study had sub-clinical or low-grade TB and we estimate that only one quarter of our
yield would have been detected if we had followed standard NTP screening and diagnostic guidelines.
This finding is in line with a comparison of WHO’s yield estimates for these two diagnostic algorithms
during active case finding [29].

The relative diagnostic costing component of this evaluation shows that no matter what screening
approach is used, the roll out of Xpert testing services will be significantly more costly than maintaining
routine AFB smear microscopy testing. Despite the X-ray to Xpert algorithm having the lowest total
costs and cost per TB case of any Xpert-based diagnostic algorithm, it still cost more than 10× the
standard NTP diagnostic algorithm, although the cost per case detected was less than 3×. In order to
end the TB epidemic, a surge of investment is needed in strategies such as this, so that they can be
consistently implemented with enough population coverage and for a sufficient duration of time to
impact TB incidence [30]. A recent trial from Vietnam showed that systematic mass diagnostic testing
coverage over a 3-year period was associated with a 44% reduction in TB incidence [31]. This trial
was able to test between 35–45% of the intervention area’s adult population each year for three years.
Due to funding constraints, our study was only able to reach roughly a total 1% of the population
living in the intervention districts over a 19-month period.

Our intervention offers a blueprint for an economically viable model that can promote early and
increased TB detection, which is essential for breaking the chain of TB transmission in communities
and reducing TB incidence. The role which sub-clinical and low-grade TB plays in transmission
dynamics is not well understood. However, the literature shows that people with paucibacillary
disease, even those with negative nucleic acid amplification tests, can still transmit TB [32,33] and that
transmission can occur in the absence of a cough [34]. People with sub-clinical TB may have only
transient active infections which self-resolve, or they may be at risk for progression to more serious
forms of TB disease [35]. A cohort study from South Africa involving untreated, laboratory-confirmed
multidrug-resistant TB (MDR-TB) patients who reported minimal TB symptoms showed that patients
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with CXR abnormalities were four-times more likely to experience unfavorable outcomes, including
death, loss to follow-up or second-line TB treatment initiation, during a 12 month follow-up period [36].
These findings suggest that the people with sub-clinical and low-grade TB who were diagnosed after
an abnormal CXR screen by this study are at risk for progressing to more serious forms of TB.

This form of community-based active TB case finding was also a highly person-centered
complement to the traditional facility-based referral system, as it directly addressed access barriers.
This is evidenced by the higher proportion of women and girls participating in our screening events,
even though they have traditionally faced greater access barriers to and longer delays with TB care in
Vietnam [37,38]. In our study, for females in particular, it is possible that low sputum collection could
explain the observed gender differences in sub-clinical and low-grade TB detection. Studies have shown
that simple instructions are able to improve sputum collection among women [39]. We developed
and used a visual aide to teach participants how to cough up a good specimen featuring an animated
female character, but still recorded a lower sputum collection rate among women. Future community
screening should consider additional ways to improve this metric, including by considering where
sputum will be collected at the community events and providing a more private place that is shielded
from view and inaudible to others for participants to cough up their specimens.

Meanwhile, the effectiveness in our targeting and community mobilization efforts were
substantiated by the high case detection among men, particularly in the detection of sub-clinical and
low-grade TB. As observed on both prevalence surveys, Vietnam ranks first globally in the male:female
ratio (MFR) of people with TB at 5.1 [2,3]. However, the NTP reported an MFR of 2.6 among notified
TB patients in 2018 [1], suggesting there are many missed males with TB. Our study has an MFR of 5.4,
suggesting that community-based active TB case-finding is critical for reaching persons, especially
men, with TB currently missed by the public health system.

There were many programmatic learnings from the implementation of this kind of active TB
case-finding. Unlike a TB prevalence survey, participants did not have to be representative of the
community in which they live. Thus, the targeting and mobilization of key populations for TB in
advance of screening days helped to ensure that CXR throughput and TB yields were sufficiently
high to justify this kind of human resource and financial investment. We relied heavily on the health
infrastructure of the District TB program; TB Officers from the Commune Health Stations and District
TB Units helped to supervise the events from a technical perspective but also helped to mobilize
participants in advance of screening days. We also benefited from implementing in a highly structured
government system where it was possible to send personalized invitations to all residents of a screening
event’s catchment area who were aged over 55 years.

The study used only one X-ray system per event location and we rarely implemented screening
events in multiple locations in parallel. We did not purchase an X-ray system for this study as there is a
vibrant occupational health screening market in urban Vietnam. There were no missed days due to the
lack of X-ray truck rentals, or to damaged X-ray systems; when issues were encountered, a replacement
X-ray truck was always available. Although for long-term ACF interventions, procurement of an
X-ray system likely makes the most financial sense, this system of commoditized X-ray supply worked
extremely well for our short-term study as we were able to rely on private companies that had the
scale and technical capacity to meet our needs.

Certified radiologists immediately read and classified all of the CXR images before participants
moved to the next station at the screening event. Although the radiologists were instructed to
‘intentionally over-read’ the CXR images, interpretation quality and reader fatigue were real concerns
due to the high number of CXRs being read per day. The use of a CAR software to aide CXR
interpretation would have been ideal in this high CXR throughput setting. Few CAR software
platforms perform as well as experienced radiologists [40,41], and given the availability, quality
and cost of radiologists in this setting, it is unlikely that a CAR software would be used to entirely
replace human readers. However, a CAR software could be used to reduce workloads by triaging
high-confidence normal CXR images, so that the radiologist can focus on providing clinical reports for
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abnormal images and interpreting the borderline abnormal images. In addition, a CAR software could
be used as a live external quality assessment (EQA) tool, such that any abnormal CXR result, either from
the radiologist or CAR software, could be used to indicate follow-on Xpert testing. Our study recorded
a relatively low sputum collection rate after an abnormal CXR result (56.5%). We believe this was
primarily driven by excessive over-reading of CXR images in the first third of our screening events.
Using a CAR software as a live EQA tool could also help programs address this challenge by making
evidence-based decisions to deprioritize some indicated sputum collection. Prospective feasibility and
performance evaluations of CAR software should be conducted in settings where there are few access
barriers to radiologists.

One of the most persistent challenges we faced during implementation was ensuring follow-on
Xpert testing occurred in a timely fashion. Since a large number of people were screened each weekend,
there were an average of 47 sputum specimens waiting every Monday morning to be tested when the
laboratories re-opened. Each District TB Unit only has one four-module GeneXpert system, so we had
to incentivize laboratory staff to perform tests past normal working hours to ensure a fast turnaround
time and minimize sputum quality decay. In urban settings, it may make sense to set up a specialized
high-volume Xpert testing facility that can handle the peaks of sputum testing which result from this
type of active TB case-finding. Alternately, recent studies from other ACF initiatives in the region have
shown that a pooled sputum testing approach could reduce workloads [42].

We estimated the performance of the different algorithms using published literature for the
sensitivity of Xpert and AFB smear microscopy. However, these studies were primarily done in passive
case-finding settings. Some literature has shown the sensitivity of Xpert during active case-finding to be
just 50% [43]. The use of AFB smear microscopy during active case-finding is also highly discouraged
due to its suboptimal specificity and common occurrence of false positive results [43]. Since the
X-ray to Xpert algorithm is likely to detect people with paucibacillary disease, it is possible that our
model over-estimated yields from other screening and diagnostic algorithms. Our study did not test
symptomatic individuals with normal CXR results because prevalence survey results indicated that
TB yields would be extremely low. We also did not estimate TB yields for this screening cohort when
assessing the performance of different diagnostic algorithms for this same reason. However, it is
possible that since our study mobilized higher risk populations, that TB yields in this screening cohort
could possibly have been higher. We also were unable to assess how diagnosis would be impacted by
systematic clinical evaluations, particularly for AFB smear microscopy-based algorithms.

5. Conclusions

Programmatic community-based CXR screening can be implemented in urban Vietnam and can
achieve high overall yields of TB while detecting a large proportion of people who would likely
otherwise have been missed by existing health services. Enhanced case-finding activities such as this
are needed in order to improve the coverage of TB testing and treatment so that we can reach the End
TB strategy goal of eliminating TB by 2035. However, this strategy is technically more complex and
significantly more costly than using routine AFB smear microscopy testing. Thus, additional resources
are required in order to scale up and sustain the types of strategies which are necessary to end TB.

Author Contributions: Conceptualization, A.J.C., L.N.Q.V., M.C., R.J.F. and T.N.V.; methodology, A.J.C., L.N.Q.V.,
M.C. and R.J.F.; formal analysis, A.J.C., L.N.Q.V. and R.J.F.; investigation, A.J.C., D.T., L.N.Q.V., R.J.F., T.D. and
T.N.V.; resources A.J.C., L.N.Q.V., M.C. and R.J.F.; data curation A.J.C., D.T., L.N.Q.V., R.J.F., T.D., T.L. and T.N.V.;
writing—original draft preparation, A.J.C., L.N.Q.V. and R.J.F.; writing—review and editing A.J.C., D.T., G.C.D.,
G.T.L., H.B.N., H.D.T.M., L.H.N., L.N.Q.V., M.C., N.V.N., R.J.F., T.D., T.L., H.H.N., T.N.V. and V.V.T.; supervision,
A.J.C., G.C.D., G.T.L., H.B.N., H.D.T.M., J.C., L.H.N., L.N.Q.V., M.C., N.V.N., R.J.F., T.L., H.H.N., T.N.V., V.V.T.;
funding acquisition, A.J.C., L.N.Q.V., M.C. and R.J.F. All authors have read and agreed to the published version of
the manuscript.

Funding: The IMPACT-TB study and A.J.C., L.N.Q.V., R.J.F., D.T. and M.C. were supported by the European
Commission’s Horizon 2020 Programme under grant agreement number 733174. We received additional support
from the Stop TB Partnership’s TB REACH initiative, with funding from Global Affairs Canada, to implement
community activities.



Trop. Med. Infect. Dis. 2020, 5, 185 10 of 12

Acknowledgments: The authors would like to thank Vietnam’s NTP, Pham Ngoc Thach Hospital in Ho Chi Minh
City and the District People’s Committee, District General Hospital and District TB Unit in Districts 06, 08, 12,
Binh Chanh, Go Vap, Hoc Mon and Tan Binh of Ho Chi Minh City. We would also like to thank the field staff of
the Ho Chi Minh City Public Health Association, community health workers and student volunteers who worked
to support the study, their communities and their patients.

Conflicts of Interest: The authors declare that there is no conflict of interest. A.J.C. works for the Stop TB
Partnership’s TB REACH initiative but was not involved in the decision to fund the grant which supported
this work.

References

1. Global Tuberculosis Report 2020; World Health Organization: Geneva, Switzerland, 2020.
2. Nguyen, H.V.; Tiemersma, E.W.; Nguyen, H.B.; Cobelens, F.G.J.; Finlay, A.; Glaziou, P.; Dao, C.H.;

Mirtskhulava, V.; Nguyen, H.V.; Pham, H.T.T.; et al. The second national tuberculosis prevalence survey in
Vietnam. PLoS ONE 2020, 15, e0232142. [CrossRef]

3. Hoa, N.B.; Sy, D.N.; Nhung, N.V.; Tiemersma, E.W.; Borgdorff, M.W.; Cobelens, F.G. National survey of
tuberculosis prevalence in Viet Nam. Bull. World Health Organ. 2010, 88, 273–280. [CrossRef]

4. Global Tuberculosis Report 2018; World Health Organization: Geneva, Switzerland, 2018.
5. The End TB Strategy; World Health Organization: Geneva, Switzerland, 2015.
6. Onozaki, I.; Law, I.; Sismanidis, C.; Zignol, M.; Glaziou, P.; Floyd, K. National tuberculosis prevalence surveys

in Asia, 1990–2012: An overview of results and lessons learned. Trop. Med. Int. Health 2015, 20, 1128–1145.
[CrossRef]

7. Frascella, B.; Richards, A.S.; Sossen, B.; Emery, J.C.; Odone, A.; Law, I.; Onozaki, I.; Esmail, H.; Houben, R.M.G.J.
Subclinical tuberculosis disease—A review and analysis of prevalence surveys to inform definitions, burden,
associations and screening methodology. Clin. Infect. Dis. 2020. [CrossRef]

8. Chest Radiography in Tuberculosis Detection: Summary of Current WHO Recommendations and Guidance on
Programmatic Approaches; World Health Organization: Geneva, Switzerland, 2016.

9. Biermann, O.; Lönnroth, K.; Caws, M.; Viney, K. Factors influencing active tuberculosis case-finding policy
development and implementation: A scoping review. BMJ Open 2019, 9, e031284. [CrossRef]

10. Guidelines on TB Diagnosis, Treatment and Prevention (1314/QÐ-BYT); Viet Nam Ministry of Health: Ha Noi,
Viet Nam, 2020.

11. 2019 Final Report: Activities of the National TB Program; National TB Program: Ha Noi, Viet Nam, 2020.
12. Morishita, F.; Garfin, A.M.C.G.; Lew, W.; Oh, K.H.; Yadav, R.-P.; Reston, J.C.; Infante, L.L.; Acala, M.R.C.;

Palanca, D.L.; Kim, H.J.; et al. Bringing state-of-the-art diagnostics to vulnerable populations: The use of a
mobile screening unit in active case finding for tuberculosis in Palawan, the Philippines. PLoS ONE 2017,
12, e0171310. [CrossRef]

13. Camelique, O.; Scholtissen, S.; Dousset, J.-P.; Bonnet, M.; Bastard, M.; Hewison, C. Mobile community-based
active case-finding for tuberculosis among older populations in rural Cambodia. Int. J. Tuberc. Lung Dis.
2019, 23, 1107–1114. [CrossRef]

14. Madhani, F.; Maniar, R.A.; Burfat, A.; Ahmed, M.; Farooq, S.; Sabir, A.; Domki, A.K.; Page-Shipp, L.;
Khowaja, S.; Safdar, N.; et al. Automated chest radiography and mass systematic screening for tuberculosis.
Int. J. Tuberc. Lung Dis. 2020, 24, 665–673. [CrossRef]

15. Muyoyeta, M.; Maduskar, P.; Moyo, M.; Kasese, N.; Milimo, D.; Spooner, R.; Kapata, N.; Hogeweg, L.; van
Ginneken, B.; Ayles, H. The Sensitivity and Specificity of Using a Computer Aided Diagnosis Program for
Automatically Scoring Chest X-Rays of Presumptive TB Patients Compared with Xpert MTB/RIF in Lusaka
Zambia. PLoS ONE 2014, 9, e93757. [CrossRef]

16. Ananthakrishnan, R.; Thiagesan, R.; Auguesteen, S.; Karunakaran, N.; Jayabal, L.; Stevens, R.; Codlin, A.;
Creswell, J. The impact of chest radiography and Xpert MTB/RIF testing among household contacts in
Chennai, India. PLoS ONE 2020, 15, e0241203. [CrossRef]

17. Kim, H.-Y.; Zishiri, V.; Page-Shipp, L.; Makgopa, S.; Churchyard, G.J.; Dowdy, D.; Charalambous, S.;
Hoffmann, C.J. Symptom and digital chest X-ray TB screening in South African prisons: Yield and
cost-effectiveness. Int. J. Tuberc. Lung Dis. 2020, 24, 295–302. [CrossRef] [PubMed]

http://dx.doi.org/10.1371/journal.pone.0236532
http://dx.doi.org/10.2471/BLT.09.067801
http://dx.doi.org/10.1111/tmi.12534
http://dx.doi.org/10.1093/cid/ciaa1402
http://dx.doi.org/10.1136/bmjopen-2019-031284
http://dx.doi.org/10.1371/journal.pone.0171310
http://dx.doi.org/10.5588/ijtld.18.0611
http://dx.doi.org/10.5588/ijtld.19.0501
http://dx.doi.org/10.1371/journal.pone.0093757
http://dx.doi.org/10.1371/journal.pone.0241203
http://dx.doi.org/10.5588/ijtld.19.0214
http://www.ncbi.nlm.nih.gov/pubmed/32228759


Trop. Med. Infect. Dis. 2020, 5, 185 11 of 12

18. Pelissari, D.M.; Kuhleis, D.C.; Bartholomay, P.; Barreira, D.; Oliveira, C.L.P.; de Jesus, R.S.; Possa, L.A.;
Jarczewski, C.A.; Nemeth, L.T.; de Araujo, N.D.; et al. Prevalence and screening of active tuberculosis in a
prison in the South of Brazil. Int. J. Tuberc. Lung Dis. 2018, 22, 1166–1171. [CrossRef] [PubMed]

19. Vo, L.N.Q.; Forse, R.J.; Codlin, A.J.; Vu, T.N.; Le, G.T.; Do, G.C.; Van Truong, V.; Dang, H.M.; Nguyen, L.H.;
Nguyen, H.B.; et al. A comparative impact evaluation of two human resource models for community-based
active tuberculosis case finding in Ho Chi Minh City, Viet Nam. BMC Public Health 2020, 20, 934. [CrossRef]
[PubMed]

20. Vo, L.N.Q.; Forse, R.J.; Codlin, A.J.; Nguyen, N.T.; Vu, T.N.; Le, G.T.; Do, G.C.; Truong, V.V.; Dang, H.M.;
Nguyen, L.H.; et al. Evaluating the yield of systematic screening for tuberculosis among three priority
groups in Ho Chi Minh City, Viet Nam. Infect. Dis. Poverty 2020, 20, 1–12.

21. Tuberculosis Prevalence Surveys: A Handbook; World Health Organization: Geneva, Switzerland, 2011.
22. MacPherson, P.; Houben, R.M.G.J.; Glynn, J.R.; Corbett, E.L.; Kranzer, K. Pre-treatment loss to follow-up in

tuberculosis patients in low- and lower-middle-income countries and high-burden countries: A systematic
review and meta-analysis. Bull. World Health Organ. 2014, 92, 126–138. [CrossRef]

23. Steingart, K.R.; Schiller, I.; Horne, D.J.; Pai, M.; Boehme, C.C.; Dendukuri, N. Xpert® MTB/RIF assay for
pulmonary tuberculosis and rifampicin resistance in adults. Cochrane Database Syst. Rev. 2014, CD009593.
[CrossRef]

24. Toman’s Tuberculosis: Case Detection, Treatment and Monitoring: Questions and Answers, 2nd ed.; World Health
Organization: Geneva, Switzerland, 2004.

25. Minh, H.V.; Mai, V.Q.; Nhung, N.V.; Hoi, L.V.; Giang, K.B.; Chung, L.H.; Kien, V.D.; Duyen, N.T.; Ngoc, N.B.;
Anh, T.T.; et al. Costs of providing tuberculosis diagnosis and treatment services in Viet Nam. Int. J. Tuberc.
Lung Dis. 2017, 21, 1035–1040. [CrossRef]

26. Global Drug Facility (GDF) Diagnostics Catalog; Stop TB Partnership: Geneva, Switzerland, 2020.
27. External Quality Assessment for AFB Smear Microscopy; Association of Public Health Laboratories (U.S.):

Silver Spring, MD, USA; Centers for Disease Control and Prevention (U.S.): Atlanta, GA, USA; International
Union against Tuberculosis and Lung Disease: Paris, France; World Health Organization: Geneva,
Switzerland, 2002.

28. Systematic Screening for Active Tuberculosis: An Operational Guide; World Health Organization: Geneva,
Switzerland, 2015.

29. The Global Plan to End TB 2016–2020; Stop TB Partnership: Geneva, Switzerland, 2015.
30. Marks, G.B.; Nguyen, N.V.; Nguyen, P.T.B.; Nguyen, T.-A.; Nguyen, H.B.; Tran, K.H.; Nguyen, S.V.; Luu, K.B.;

Tran, D.T.T.; Vo, Q.T.N.; et al. Community-wide Screening for Tuberculosis in a High-Prevalence Setting.
N. Engl. J. Med. 2019, 381, 1347–1357. [CrossRef]

31. Behr, M.A.; Warren, S.A.; Salamon, H.; Hopewell, P.C.; Ponce de Leon, A.; Daley, C.L.; Small, P.M. Transmission
of Mycobacterium tuberculosis from patients smear-negative for acid-fast bacilli. Lancet 1999, 353, 444–449.
[CrossRef]

32. Xie, Y.L.; Cronin, W.A.; Proschan, M.; Oatis, R.; Cohn, S.; Curry, S.R.; Golub, J.E.; Barry, C.E.; Dorman, S.E.
Transmission of Mycobacterium tuberculosis From Patients Who Are Nucleic Acid Amplification Test
Negative. Clin. Infect. Dis. 2018, 67, 1653–1659. [CrossRef]

33. Patterson, B.; Wood, R. Is cough really necessary for TB transmission? Tuberculosis 2019, 117, 31–35. [CrossRef]
[PubMed]

34. Cadena, A.M.; Fortune, S.M.; Flynn, J.L. Heterogeneity in tuberculosis. Nat. Rev. Immunol. 2017, 17, 691–702.
[CrossRef] [PubMed]

35. Loveday, M.; Ramjee, A.; Osburn, G.; Master, I.; Kabera, G.; Brust, J.C.M.; Padayatchi, N.; Warren, R.;
Theron, G. Drug-resistant tuberculosis in patients with minimal symptoms: Favourable outcomes in the
absence of treatment. Int. J. Tuberc. Lung Dis. 2017, 21, 556–563. [CrossRef] [PubMed]

36. Huong, N.T.; Vree, M.; Duong, B.D.; Khanh, V.T.; Loan, V.T.; Co, N.V.; Borgdorff, M.W.; Cobelens, F.G. Delays
in the diagnosis and treatment of tuberculosis patients in Vietnam: A cross-sectional study. BMC Public Health
2007, 7, 110. [CrossRef] [PubMed]

37. Johansson, E.; Long, N.H.; Diwan, V.K.; Winkvist, A. Gender and tuberculosis control: Perspectives on health
seeking behaviour among men and women in Vietnam. Health Policy 2000, 52, 33–51. [CrossRef]

http://dx.doi.org/10.5588/ijtld.17.0526
http://www.ncbi.nlm.nih.gov/pubmed/30236184
http://dx.doi.org/10.1186/s12889-020-09042-4
http://www.ncbi.nlm.nih.gov/pubmed/32539700
http://dx.doi.org/10.2471/BLT.13.124800
http://dx.doi.org/10.1002/14651858.CD009593.pub3
http://dx.doi.org/10.5588/ijtld.16.0778
http://dx.doi.org/10.1056/NEJMoa1902129
http://dx.doi.org/10.1016/S0140-6736(98)03406-0
http://dx.doi.org/10.1093/cid/ciy365
http://dx.doi.org/10.1016/j.tube.2019.05.003
http://www.ncbi.nlm.nih.gov/pubmed/31378265
http://dx.doi.org/10.1038/nri.2017.69
http://www.ncbi.nlm.nih.gov/pubmed/28736436
http://dx.doi.org/10.5588/ijtld.16.0779
http://www.ncbi.nlm.nih.gov/pubmed/28399971
http://dx.doi.org/10.1186/1471-2458-7-110
http://www.ncbi.nlm.nih.gov/pubmed/17567521
http://dx.doi.org/10.1016/S0168-8510(00)00062-2


Trop. Med. Infect. Dis. 2020, 5, 185 12 of 12

38. Khan, M.S.; Dar, O.; Sismanidis, C.; Shah, K.; Godfrey-Faussett, P. Improvement of tuberculosis case detection
and reduction of discrepancies between men and women by simple sputum-submission instructions:
A pragmatic randomised controlled trial. Lancet 2007, 369, 1955–1960. [CrossRef]

39. Qin, Z.Z.; Ahmed, S.; Sarker, M.S.; Paul, K.; Adel, A.S.S.; Naheyan, T.; Banu, S.; Creswell, J. Can artificial
intelligence (AI) be used to accurately detect tuberculosis (TB) from chest x-ray? A multiplatform evaluation
of five AI products used for TB screening in a high TB-burden setting. arXiv 2020, arXiv:200605509.

40. Qin, Z.Z.; Sander, M.S.; Rai, B.; Titahong, C.N.; Sudrungrot, S.; Laah, S.N.; Adhikari, L.M.; Carter, E.J.;
Puri, L.; Codlin, A.J.; et al. Using artificial intelligence to read chest radiographs for tuberculosis detection:
A multi-site evaluation of the diagnostic accuracy of three deep learning systems. Sci. Rep. 2019, 9, 15000.
[CrossRef]

41. Chry, M.; Smelyanskaya, M.; Ky, M.; Codlin, A.J.; Cazabon, D.; Tan Eang, M.; Creswell, J. Can the High
Sensitivity of Xpert MTB/RIF Ultra Be Harnessed to Save Cartridge Costs? Results from a Pooled Sputum
Evaluation in Cambodia. Trop. Med. Infect. Dis. 2020, 5, 27. [CrossRef]

42. Sander, M.; Laah, S.; Titahong, C.; Lele, C.; Kinge, T.; de Jong, B.; Abena, J.-L.; Codlin, A.; Creswell, J.
Systematic screening for tuberculosis among hospital outpatients in Cameroon: The role of screening and
testing algorithms to improve case detection. J. Clin. Tuberc. Other Mycobact. Dis. 2019, 15, 100095. [CrossRef]

43. Systematic Screening for Active Tuberculosis: Principles and Recommendations; World Health Organization:
Geneva, Switzerland, 2013.

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/S0140-6736(07)60916-7
http://dx.doi.org/10.1038/s41598-019-51503-3
http://dx.doi.org/10.3390/tropicalmed5010027
http://dx.doi.org/10.1016/j.jctube.2019.100095
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Setting 
	Participant Mobilization 
	Screening and Diagnosis of TB 
	Statistical Analyses 
	Ethical Considerations 

	Results 
	Yields of TB 
	Marginal Yield Analysis and Relative Diagnostic Costing 

	Discussion 
	Conclusions 
	References

