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Background: In countries with a low TB incidence (<10
cases/100,000 population), active pulmonary tubercu-
losis (PTB) mostly affects vulnerable populations with
limited access to healthcare. Thus, passive case-finding
systems may not be successful in detecting and treat-
ing cases and preventing further transmission. Active
and cost-effective search strategies can overcome this
problem. Aim: We aimed to review the evidence on the
cost-effectiveness (C-E) of active PTB screening pro-
grammes among high-risk populations in low TB inci-
dence countries. Methods: We performed a systematic
literature search covering 2008-2023 on PubMed,
Embase, Center for Reviews and Dissemination, includ-
ing Database of Abstracts of Reviews of Effects (DARE),
National Health Services Economic Evaluation Database
(NHS EED), Global Index Medicus and Cochrane Central
Register of Controlled Trials CENTRAL). Results: We
retrieved 6,318 articles and included nine in this
review. All included studies had an active case-finding
approach and used chest X-ray, tuberculin skin test,
interferon-gamma release assay and a symptoms ques-
tionnaire for screening. The results indicate that screen-
ing immigrants from countries with a TB incidence » 40
cases per 100,000 population and other vulnerable
populations as individuals from isolated communities,
people experiencing homelessness, those accessing
drug treatment services and contacts, is cost-effective
in low-incidence countries. Conclusion: In low-incidence
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countries, targeting high-risk groups is C-E. However,
due to the data heterogenicity, we were unable to com-
pare C-E. Harmonisation of the methods for C-E analysis
is needed and would facilitate comparisons. To outline
comprehensive screening and its subsequent C-E analy-
sis, researchers should consider multiple factors influ-
encing screening methods and outcomes.

Introduction

Tuberculosis (TB) is one of the leading severe bacte-
rial infections worldwide, with an estimated 1.3 mil-
lion deaths in 2022 [1]. Detection and treatment of TB
have been a priority for the European Union/European
Economic Area (EU/EEA) countries. The World Health
Organization (WHO) launched the End TB Strategy in
2015 and set a goal of reducing the number of TB cases
worldwide by 80% by 2030 [2]. To achieve these goals,
and according to the WHO guidelines, it is essential
to implement strategies for the early detection of TB
and prompt TB treatment [3]. Screening tests are done
to detect individuals with latent TB infection (LTBI),
active disease or those who may have an elevated risk
of developing TB. Establishing clear criteria for defin-
ing the population groups that warrant screening is
crucial. Although there are strong recommendations
for systematic screening of specific groups for TB (e.g.
people living with human immunodeficiency virus (HIV)
(PLHIV), household and other contacts of TB patients,

1

__. Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2024.29.12.2300614&domain=pdf&date_stamp=2024-03-21

people in prisons and individuals with past and present
silica exposure), the certainty of the evidence ranges
from very low to moderate. Notably, the incidence of
TB is high within these groups. Recommendations for
systematic screening for TB in subpopulations with
structural risk factors (e.g. urban people with lower
incomes, people experiencing homelessness, commu-
nities in remote or isolated areas, indigenous popula-
tions, migrants, refugees, internally displaced persons
and other vulnerable or marginalised groups with lim-
ited access to healthcare) remain conditional, with
very low certainty of evidence [4]. In countries with a
low incidence of TB (<10 cases/100,000 population)
[5], a significant proportion of the cases are detected
in vulnerable and hard-to-reach populations such as
migrants, some of them from high TB incidence (>100
cases/100,000 population) [4] countries [6], thus
challenging the detection and treatment of TB [5].
Information on other subgroups affected by TB is either
not available or is insufficiently stratified for conclu-
sions. Cultural and language barriers, as well as lack
or difficulty in access to healthcare, might severely
delay TB diagnosis [7]. These factors increase the prob-
abilities of complications, sequelae and mortality and
enhance community infections and transmission [8].
Therefore, community screening of active pulmonary
TB (PTB) in these populations might be key in low-inci-
dence countries.

The WHO guidelines propose that national health pro-
grammes adapt the recommendations to their context,
and this involves the need to identify the most effec-
tive combinations of tools for conducting systematic TB
screening [3]. When designing and implementing sys-
tematic screening in specific settings, one of the key
factors to consider is the optimisation of both efficacy
and cost-effectiveness (C-E). There is a need for further
studies to improve the guidance on how these screen-
ing interventions should be used in low-incidence
countries to reach maximum effectiveness and C-E [3].
However, only a few studies have been performed in
these population groups [9]. Moreover, most studies
are conducted in high-incidence countries and, there-
fore, are poorly scalable to low-incidence countries
[10].

To assess which screening approaches were cost-effec-
tive, we aimed to review the evidence available on the
C-E of active PTB screening among high-risk popula-
tions in countries with low TB incidence.

Methods

Overall approach

To structure the main question of this review, we used
a patient/population, intervention, comparison and
outcomes (PICO) framework [11,12]. Subsequently, we
generated the question “What is the C-E of active PTB
screening of high-incidence communities in low-inci-
dence countries?” As a population, we chose high TB
incidence groups in low-incidence countries, and as an

FIGURE

PRISMA flow diagram, systematic review of cost-
effectiveness of active tuberculosis screening among high-
risk populations in low tuberculosis incidence countries, 1
January 2008-31 December 2023
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C-E: cost-effectiveness; LTBI: latent tuberculosis infection.

2 PubMed, Embase, Center for Reviews and Dissemination,
including Database of Abstracts of Reviews of Effects (DARE) and
National Health Services Economic Evaluation Database (NHS
EED), Global Index Medicus and Cochrane Central Register of
Controlled Trials (CENTRAL).

> World Health Organization, European Centre for Disease
Prevention and Control, Centers for Disease Control and
Prevention, GreyNet Internation (https://www.greynet.org/),
OAlster (https://www.oclc.org/en/oaister.html), ClinicalTrials.
gov (https://clinicaltrials.gov/).

¢The identified abstract was of an article included in the review.

intervention active PTB screening. Comparisons were
between screening policies. The outcomes included
were the results of the effectiveness of screening and
the C-E of screening.

Search strategy and selection criteria

We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) 2020
statement: an updated guideline for reporting system-
atic reviews [13].

To identify articles of our interest, we performed a lit-
erature search on PubMed, Embase, Center for Reviews
and Dissemination, including Database of Abstracts of
Reviews of Effects (DARE) and National Health Services
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Economic Evaluation Database (NHS EED), Global Index
Medicus and Cochrane Central Register of Controlled
Trials (CENTRAL) of articles published between 1
January 2008 and 31 December 2023. The following
key terms were used: (“tuberculosis” OR “screening”
OR “active screening”) AND (“cost-effective” OR “cost
effective” OR “C-E” OR “cost-effectiveness” OR “cost
effectiveness”) AND (“low-burden” OR “low burden”
OR “low incidence” OR “low-incidence”) OR (“high-inci-
dence communities”) OR (“Europe”).

We conducted searches on the specified websites
(WHO, European Centre for Disease Prevention and
Control (ECDC), Centers for Disease Control and
Prevention (CDC), GreyNet Internation (https://www.
greynet.org/), OAlster (https://www.oclc.org/en/oais-
ter.html), ClinicalTrials.gov (https://clinicaltrials.gov/)
to retrieve grey literature. Our search yielded one arti-
cle that was a duplicate, identified through the litera-
ture search mentioned above. No language filter was
applied.

Two investigators (AS, NG) independently conducted
a title and abstract screening and full-text screening.
Studies that met the criteria listed in the Box were con-
sidered relevant.

Box

Inclusion and exclusion criteria in a systematic review

of cost-effectiveness of active tuberculosis screenings
among high-risk populations in low tuberculosis incidence
countries, 1 January 2008-31 December 2023

Inclusion criteria:

® Retrospective and prospective studies

e Articles where active PTB screening was performed in low-
incidence countries in high-risk groups and effectiveness
and C-E analyses were performed

e Articles where active PTB and LTBI screening were
performed in in high-risk groups of low-incidence countries
and effectiveness and C-E analyses were performed

Exclusion criteria:

e Articles concerning solely LTBI or extrapulmonary TB
(EPTB) screening

e Systematic reviews, scoping reviews and meta-analyses

e Articles studying new screening or diagnostic tools

e Articles only studying contact tracing

e Lack of C-E analysis

® Incomplete data

Data items and data extraction

Two researchers (NG and AS) reviewed the full texts
of the selected articles and did not confirm or obtain
additional data from the authors. All disagreements
between investigators were resolved by discussion.

Summary methods

Data were collected in accordance with the predeter-
mined variables, which are provided in Supplement.
The contents extracted were placed in tables without
changing the original text. To address heterogeneity,
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we incorporated suboptions for the same variable
identified in the final screened papers into the spread-
sheet. We then conducted an analysis to determine
which suboptions were present in each of the studies,
as well as which were most identified and how they
influenced the outcomes. All currencies in the text
and the table were converted to 2023 Euros, as shown
in Supplement (Spain was used as a reference country)
using an online currency conversion tool https://eppi.
ioe.ac.uk/costconversion/default.aspx.

We used Risk Of Bias In Non-randomised Studies - of
Interventions (ROBINS-I) tool (https://sites.google.
com/site/riskofbiastool/welcome/home?authuser=0)
to evaluate the risk of bias in the studies included [14].
The findings are summarised in Table 1 in Supplement.

Results

Literature search findings

Our search yielded 6,318 articles from the searched
databases and one from other sources (Figure). After
duplicate removal, 5,638 articles were screened by
title and abstract, 5,335 were excluded and 303 arti-
cles were sought for retrieval. We could not retrieve
four articles. The full text of 299 studies was assessed,
290 were excluded for different reasons: out of scope
(n=169), LTBI-related (n=59), high incidence settings
(n=27), no C-E (n=14), review (n=13), drug trial (n=3),
methods unclear (n=3), published in 2000 (h=1) or
abstract (n=1). The abstract provided was from an arti-
cle included in the review. Consequently, the abstract
was excluded. Nine articles were included in this
review. We were unable to perform a meta-analysis,
considering that the articles included in the review did
not use common measures and used different meth-
odological approaches.

All the nine articles included were on active PTB cases
in low-incidence countries in high-risk cohorts, such as
people in prison, migrants, asylum seekers, youths in
juvenile detention centres, nursing homes, people with
substance use disorder, contacts of TB cases and iso-
lated communities [15-23]. A summary of the articles
reviewed is in Table 1. Table 2 provides a summary of
the strengths and weaknesses of the included articles.
There were disparities in screening methods, the tar-
get population, defining C-E results and estimation of
actual costs.

Eight of the nine studies used chest X-ray (CXR) as the
primary screening tool for active PTB [15-22]. Two stud-
ies from Canada targeted isolated community mem-
bers and long-term care entrants [19,20]. Four studies
from the United Kingdom (UK) involved foreign-born
immigrants, contacts of PTB index cases, people with
substance use disorder, people experiencing home-
lessness, people with lower incomes and PLHIV as a
target population [15-18]. Additionally, studies from
Italy and Germany involved migrants, while the Belgian
study focused on migrants as well as on asylum
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seekers, people in prison, contacts and other people
who did not belong to any specific group [21-23]. Eight
of the nine studies demonstrated that screening was
cost-effective compared with no screening, the passive
screening method or other alternatives [15-18,20-23].

Cost-effectiveness results

Screening of PLHIV from Sub-Saharan Africa region or
from countries with a medium TB incidence (MI) (40
cases/100,000 population) was found cost-effective
and fulfilled the National Institute of Health and Care
(NICE) threshold of EUR 22-33,000 [24]. Screening
of people from Sub-Saharan Africa with interferon-
gamma release assay (IGRA) and tuberculin skin test
(TST) prevented the highest number of cases. Also,
screening for active TB using CXR and TST could have
been the most cost-effective method if the cost of CXR
decreased [17].

Pareek et al. first performed active PTB and LTBI
screening of 231 immigrants using IGRA or TST tests
and CXR. Later, for the C-E analysis, the authors cre-
ated a hypothetical cohort of 10,000 immigrants over
a 20-year horizon with the aim of finding cost-effective
strategies. Of the 53 included screening strategies of
migrants from MI countries, port-of-arrival CXR com-
bined with QuantiFERON-TB Gold In-Tube (QTF-GIT) and
port-of-arrival CXR combined with T-SPOT.TB (https://
www.tspot.com/) were cost-effective [15].

Cavany et al. performed C-E of screening contacts of
TB cases in London. The static model used included
index cases, their contacts, the average number of
PTB cases in a year and hypothetical transmission
rates (R=0, R=1, R=2). When 2,790 PTB index cases
were included and no transmission (R=0), QALY was
39.9, costs incurred EUR 1,933,603.19 and incremen-
tal cost-effectiveness ratio (ICER) was 43.7. When the
transmission rate was R=1, the QALY was 56.3, costs
EUR 1,802,624.06, ICER 1.63 and when R was 2, QALY
was 43.7, costs EUR 31,941,233.29 and ICER was 18.7.
Screening contacts of PTB cases was probably cost-
effective at EUR 33,000 per QALY NICE threshold [16].

Another C-E study from London was performed using
data from a mobile radiography unit — the Find and
Treat service, which via targeting high-risk groups
identified 16 active PTB cases per year. The number of
people screened was not included in the publication.
The screening costed EUR 614,235.68 with the ICER of
EUR 21,000-30,000 per QALY gained, which is cost-
effective according to the NICE threshold [18].

Uppal et al. compared no active screening, individual
community-wide active screening strategy and com-
munity-wide screenings conducted every 2 years [20].
While both active screening methods were cost-effec-
tive, the individual community-wide active screening
strategy was the most cost-saving.

The C-E of different screening strategies of people
entering long-term care in Canada were simulated
[19]. The cost of screening active PTB using CXR was
EUR 432,577.67 per 1,000 people entering long-term
care. To prevent one case, 1,266 individuals needed to
undergo screening. The cost incurred per case averted
was EUR 443,562.18, indicating that the screening was
considered expensive.

Screening of migrants in first reception centres at Italian
borders costed EUR 40,702.33 and a cost of a true posi-
tive case detected was EUR 2,712.97, lower than the
median cost for detection of active PTB cases using the
passive system in Italian hospitals (EUR 8,280.01) [23].

In Belgium, active screening of asylum seekers, con-
tacts, undocumented immigrants, people in prisons
and youth held in juvenile detention centres was per-
formed. The total cost of all screenings performed
was as expensive as the passive case findings [21].
However, examining the C-E of strategies on a case-by-
case basis revealed screening of asylum seekers with
an abnormal CXR finding at entry, systematic screen-
ing in prisons and contract tracing cost-effective.
Screening individuals in juvenile detention centres or
new immigrants and asylum seekers from high-inci-
dence countries were not C-E.

Finally, three distinct publications have illustrated the
importance of integrating the TB incidence rates from
individuals’ countries of origin into the C-E analysis:
screening individuals from populations with TB inci-
dences of>50 cases per 100,000 population [22], as
well as those with incidences<so cases per 100,000
population [22], along with populations where the inci-
dence is»>40 cases per 100,000 [15,17].

Discussion

The aim of this manuscript was to review active PTB
screening programmes run between 2008 and 2023
in high-risk groups living in low TB incidence coun-
tries. Active PTB screening of high-risk groups in low-
incidence countries may be C-E. These findings align
with the systematic review by Greenaway et al. cover-
ing 2000-2016 [9]. In our review, CXR was an effective
and cost-effective screening tool in eight studies [15-
22], as in two studies included in the Greenaway et al.
review [25,26]. The ICERs for cost-effective policies in
our study were between EUR 15,000 and 30,000, which
is a similar range as in the above-mentioned review [9].

Screening of PLHIV for TB is a well-established prac-
tice [1]. Though the level of evidence to screen for TB in
people in prison is low, WHO strongly recommends the
screening [3,27]. To systematically screen people with
structural risk factors, WHO has issued conditional
recommendations with low or very low certainty of evi-
dence [3]. There is no more precise guidance on which
migrants to target, the best timing to screen or the
optimal threshold of TB incidence in the countries of
origin. Greenaway at al. suggest screening individuals
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originating from countries with an incidence of 60
cases per 100,000 population, but two papers in our
review indicate that this cut-off could even be lowered
to 40 cases per 100,000 population [9]. We would like
to highlight that return visits of migrants to their home
countries might also be a noteworthy factor to con-
sider. These visits could potentially lead to new infec-
tions, thus increasing the risk of developing active PTB.
Hence, when implementing active TB screening activi-
ties, information on visits of migrants to their home
country should be collected.

Six of the nine studies included in our review had co-
authors from governmental bodies, pointing at the
governments concerns on TB [15-18,20,21]. Public
health-related research outputs should influence poli-
cymaking, and this influence should be assessed based
on the level of policy impact. Available guidance does
not address the specificities of particular settings, and
evidence-based examples of how screening activities
work in real setting are important to shape and adapt
policies. Our study demonstrates that although still
limited, the literature containing this information is
growing. Publishing real-life screening activities can
help others to design similar processes and to further
adjust policies to the needs of the target settings.

Ideally, studies intending to conduct C-E analysis
on screening programmes should be prospectively
designed, as this allows for advanced planning of all
aspects. However, this approach is expensive and not
always feasible; thus, retrospective approaches are
more common. While retrospective data may not be
optimal, the information they offer can be highly valu-
able. Most of the studies in our review used retrospec-
tive data. Authors could draw conclusions applicable
at least within their own countries and offer insights
on implementing, conducting, discontinuing or sustain-
ing existing screening activities. The evidence from
this review highlights the advantage policymakers can
gain by considering the C-E analyses of experiences of
other countries even if they are retrospective studies.
Although the data may be confined to a single screen-
ing strategy, comparing its costs to the no-screening
policy can offer significant value for policymakers.
With more data available, additional comparisons can
be made, leading to more robust conclusions about the
most cost-effective strategy.

Our review had some limitations. Besides few studies
included, the data were heterogeneous. For a C-E anal-
ysis, it would be desirable to include as many variables
as possible that directly affect the results, but this was
not the case for the papers included. For instance, to
estimate saved costs from prevented cases and pos-
sible adverse factors, the C-E analysis should include
data on transmission rate and diagnostic delay. In
summary, the cost calculations varied in the reviewed
studies as some did not include treatment costs. The
ICERs were calculated in various ways: cost per active
PTB case detected, cost per case prevented or cost

www.eurosurveillance.org

per QALY gained. The variables included were differ-
ent. It was impossible to calculate possible savings
as there were no data on diagnosis delay, transmis-
sion rate and patients lost to follow-up. Due to the
scarcity of screening studies including C-E analysis,
we were unable to provide strong recommendations,
although some guidance has been drawn from the
available evidence. Conducting a C-E analysis becomes
challenging when multiple variables like the setting,
approach, target population and screening method
are included. Previous studies have not explored the
interdependence of these variables and their influence
on screening. Current limited available evidence on
C-E underscores the need to develop guidance for the
analysis methodology when implementing active PTB
screening in the EU and other countries with low inci-
dence. Such recommendations would greatly aid the
development and enactment of national-level policies.

Regardless of the limitations described, our findings
can be used to design comprehensive screening activi-
ties. It is important to consider the settings in which
screening is performed, as screening policies need to
be explicitly tailored to the characteristics and needs
of the target population. For example, implementing TB
screening at the borders-of-entry can be very benefi-
cial to capture cases as early as possible, preventing
severe outcomes for the individuals and the spread of
the disease. Nonetheless, it is crucial to consider that
newly arriving migrants in Europe often face poor living
conditions and relocation, posing challenges to screen-
ing activities and the public health programmes need
to overcome this. Implementing a screening process
on the borders of the EU where most migrants enter,
is pivotal [6]. Collaboration between countries will be
mutually beneficial, generate a better understanding,
more homogenised data and help implement better
and ethical practices. Moreover, cultural factors cannot
be overlooked, and screening activities should always
consider the inclusion of key community leaders and
organisations when designing and implementing the
programme, as the individual willingness to participate
in the population to be screened will significantly influ-
ence the success of the screening.

Conclusion

Based on the findings spanning 16 years and the guide-
lines available, we have listed several recommenda-
tions for optimising study design for active screening
programmes for TB in low-incidence countries. Firstly,
to guide policymakers, C-E analysis should always
be part of TB screening activities targeting high-risk
groups in low TB incidence countries. Additionally, C-E
studies should follow national economic evaluation
guidelines in case they are available and consider the
published WHO guidance. Moreover, the C-E analysis
should encompass not only the expenses related to
screening, but also those related to diagnosis and treat-
ment. The transmission outcomes and how they affect
the C-E of the interventions should also be calculated.
If the transmission rate is high, early detection of a TB
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TABLE 2

Strengths and weaknesses of studies included in a systematic review of cost-effectiveness of active tuberculosis screenings
among high-risk populations in low tuberculosis incidence countries, 1 January 2008-31 December 2023 (n = 9)

Study Strengths Weaknesses
Identification of optimal screening thresholds Empirical data were available from a small sample size
Pareek et al. Final recommendations supported by real data Assumptive rates of HIV, chen;oprophylams acceptance and
[15] completion
L . Model considered one generation of TB transmission
Suggested threshold incidence for screening — -
Limited concurrent screening
Proposed novel way to quantllfy effectiveness of contact Uncertain rate of transmission
tracing
Cavany et No analysis of the indirect impact of contact tracing on
al. [16] . . transmission within the population
High-quality real data used - - - - - -
The infectious period of index patients was estimated based
on self-reported symptomatic periods
First reported study to model different testing strategies for o . L.
Capocci et LTBI, asymptomatic and symptomatic TB disease in PLHIV Only 50% of approached patients agreed to participate
al. [17] Real data used Difficulties in determining TB cases accurately in individuals
Suggested threshold incidence for screening with TST/IGRA undergoing ART was challenging
Not to overestimate benefit of the screening, analysis .
. Lack or randomisation of managed and non-managed
was performed using both favourable and unfavourable Lo S N
. individuals, resulting in uncertainty of the outcomes
assumptions.
Jit et al. [18] Secondary transmission was not considered in economic
evaluation
Real data used - N X s
Likelihood of patients developing and transmitting drug
resistance was not measured
- . o . . Limited data on LTBI reactivation risk
Verma et al. | Identified the risk of LTBI reactivation as the most influential — — -
[19] variable in the analysis Lack of considering death before transmission, movement into
and out of long-term care, environmental factors
Highlighted the importance of mv.o.lvmg communities in Assumptive costs of LTBI and active TB case detection
Uppal et al screening activities
[20] Emphasised on benefits of early case detection Lack of age stratification, region-specific data for certain
Real data used parameters
. Real data used X L X .
Smit et al. - — — Contact investigation considered as an independent
[21] Possible applicability of the results to other low-incidence component
countries
Real data used Uncertain rate of transmission
Wahedi et Stratification of individuals No data on MDR-TB prevalence
al. [22] The cost of overdiagnosis was assessed regarding CXR, with
Suggested threshold incidence for screening no examination of cost of confirmatory diagnosis or treatment
initiation.
Did not use transmission dynamic model
P Using a ‘do-nothing’ approach as a comparator was
Goscé et al. h K fi ¢ .
23] Real data used challenging because of incurred costs from late case detection
Individuals were not followed up to assess effects of early
detection or the consequences of failing to identify cases.

ART: antiretroviral therapy; CXR: chest X-ray; HIV: human immunodeficiency virus; IGRA: interferon-gamma release assay; LTBI: latent
tuberculosis infection; MDR-TB: multidrug-resistant tuberculosis; PLHIV: people living with human immunodeficiency virus; TB:
tuberculosis; TST: tuberculin skin test.

case will prevent secondary infections and illness and
thus save costs. Finally, following the checklist out-
lined by the Consolidated Health Economic Evaluation
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