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Despite declining incidence in most high-income countries, tuberculosis shows no signs of disappearing in the
near future. Although surveillance data from most Western European countries show relatively stable declines
in the rate of tuberculosis over the past several decades, some have reported either an increasing rate or
a decelerating pace of reduction in recent years. The burden of disease now disproportionately affects highrisk groups such as migrants, homeless persons, and prisoners. In view of the concentration of cases in urban
areas and high-risk deprived groups, interventions that may not be efficient when applied to the general
population may be highly cost effective when targeted at high-risk groups. In this article, we examine some
controversial elements of tuberculosis prevention and control in low-burden countries and recommend issues
for further research. In particular, we assess current evidence on the duration of protection by BCG vaccine,
the screening of migrants and hard-to-reach groups, and the use of preventive therapy for contacts of
cases of infectious multidrug-resistant tuberculosis. This analysis is presented from the perspective of
low-tuberculosis-burden, high-income countries attempting to eliminate tuberculosis.

Despite declining incidence in most high-income
countries, tuberculosis shows no signs of disappearing
in the near future [1]. Although surveillance data from
most Western European countries show relatively
stable declines in the rate of tuberculosis over the past
several decades [2], some have reported either an increasing rate or a decelerating pace of reduction in
recent years [3]. In the United States, an unexpected
fall in the number of tuberculosis cases in 2009 [4] was
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followed by a return to the previous slow rate of decline [5]. Although high-income countries have low
rates of disease compared with global averages, the
burden of disease in these settings is heterogeneously
distributed and remains stubbornly high in large urban centers. For example, a recent study indicated that
60% of US cities do not show a declining trend [6]. At
the same time, the burden of disease now disproportionately affects high-risk groups such as migrants,
homeless persons, and prisoners [7, 8]. Mathematical
modeling suggests that even in settings where rates
of tuberculosis are declining, localized outbreaks
may occur as a result of the heterogeneity of contact
networks [9]. In view of the concentration of cases in
certain areas and groups of the population, interventions
that may not be efficient when applied to the general
population may be highly cost-effective when targeted
at high-risk groups [10]. Further cost-effectiveness
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assess current evidence from the perspectives of a low-burden
country attempting elimination, the duration of protection by
BCG, screening of migrants and hard-to-reach groups for latent
tuberculosis and active disease, and use of preventive therapy
for contacting cases of infectious multidrug-resistant (MDR)
tuberculosis.
BCG AND DURATION OF PROTECTION
What Is the Evidence of Effectiveness and Duration of
Protection?

Several systematic reviews to date conclude that BCG vaccination of infants is very effective in preventing miliary tuberculosis and meningitis in children [15, 16]. Data on other
forms of tuberculosis show that protection is more heterogeneous. Studies in locations farther from the equator find
a higher level of protection compared with those at lower latitudes [17]. BCG has been part of the WHO Expanded Program
on Immunization since 1974, and coverage is very high in highburden countries. Implementation in low-burden countries
has been variable. Several Western European countries have
undertaken either infant or school-age vaccination programs,
supported by major trials showing a high level of protection in
UK schoolchildren in the 1950s, Norwegian nurses in the
1920s, and Native Americans in the 1930s [18]. The United
States, Canada, Italy, and the Netherlands, however, have never
utilized BCG vaccination on a population level, because US
trials during this same period showed little protective effect.
Zwerling et al developed a global map of current and past BCG
vaccination policies [19]. The assessment of the contribution of
BCG vaccination in tuberculosis control is made more difficult
by the concurrent implementation of other effective measures,
the possible reduction in protection at older ages when pulmonary disease is more predominant, and human immunodeficiency virus. Declining rates of tuberculosis, irrespective of
national BCG vaccination policy, are consistent with a shortterm impact at the population level, that is, the impact of BCG
on tuberculosis transmission might have been modest. Nevertheless, national programs should consider BCG as part of
a package of control measures in low-incidence countries for
specific subgroups, such as immigrants from high-burden
countries who are likely to be at a higher risk of subsequent
exposure and staff who work with patients with drug-resistant
tuberculosis.
In a systematic review published in 1998, it was concluded
that the level of protection by BCG declines with time after
vaccination, with very little evidence of protection lasting longer
than 10 years [20]. More recently, results from long-term
follow-up of individuals recruited to the 1930s study of Native
Americans [21], and a small number of observational studies,
suggest that BCG may protect for a longer period of time. The
reasons for variation in the duration of protection relate, in
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research to inform tuberculosis control in high-risk groups
would help to ensure the prioritization of resources to support
this effort.
Tuberculosis elimination is a stated goal of US [11] and European Union [12] public health policies. However, current
World Health Organization (WHO) projections indicate that no
region is on track to achieve elimination, even by 2050 [1]. To
‘‘stop TB,’’ even in these low-burden settings, significant resources must be applied in a concerted manner. Previous attempts to interrupt localized concentrations of disease in these
low-burden settings have required substantial structural changes
in the facilities available, in the organization of the program and
financial investment [13]. As tuberculosis declines in the general
population, increasingly it becomes a disease confined to hardto-reach groups. These groups are often characterized by specific
social characteristics or behaviors, for example, migration, substance abuse, incarceration, and homelessness. These are some
convenient labels that imply separate social groupings, whereas
in reality there is significant overlap among these groups. The
overriding issues linking all of these groups are poverty and
social deprivation. The diligent application of evidence-based
interventions to ensure prompt diagnosis and improve treatment completion and infection control among these groups
will be needed, but will require more investment per case than
‘‘routine’’ interventions.
In many countries, the improvement of living standards led to
significant declines in tuberculosis rates in the early parts of the
last century. Attention to the wider social determinants of tuberculosis and the socioeconomic factors hampering effective
control remain important measures for reducing health disparities and protecting vulnerable groups that suffer outsize risks
of infection and disease. There is overwhelming evidence that
prompt diagnosis and treatment of active tuberculosis reduces
disease burden in a population [14]. Historically, tuberculosis
prevention and control programs in many countries have focused on this, together with BCG vaccination. In addition,
contact investigation and the use of preventive therapies against
latent Mycobacterium tuberculosis infection (latent tuberculosis)
are widely applied control measures in low-burden countries.
The use of some interventions for tuberculosis prevention and
control is, however, more controversial. Interventions that lack
a consensus on effectiveness and cost-effectiveness include
screening of migrants from high-tuberculosis-incidence to lowincidence countries in order to detect active tuberculosis and
latent tuberculosis, the identification and treatment of latent
tuberculosis in hard-to-reach groups, the use of preventive
therapy in persons who might be latently infected with drugresistant M. tuberculosis strains, and the duration of protection
of BCG vaccine, to name just a few.
In this article, we examine some controversial elements of
tuberculosis prevention and control in low-burden countries
and recommend issues for further research. In particular, we

part, to the paucity of data beyond 10 years; too few studies
have followed up participants or too few events have occurred
to determine the significance of any observed difference.
Why Is This Important?

What Future Work Is Needed?

A systematic review of existing studies examining the duration
of protection and analysis of factors that affect any observed
variation would be valuable. Although very large randomized
controlled trials and/or cohort studies with long follow-up periods would be the ideal method to investigate duration of BCG
protection against tuberculosis, the ethical issues of denying
vaccination to certain individuals and the need for an urgent
resolution to this research question to inform the development
of new vaccines means that a case-control study is the only
practical approach [22].
Twelve new candidate vaccines have gone into clinical trials
[23], including 3 recombinant BCG vaccines and a number of
boosters of BCG-prime vaccination. It is likely that more vaccines will be developed, some of which may have the potential to
reduce the incidence of active tuberculosis disease in individuals
with latent tuberculosis. It is important to have an understanding of the impact of prior BCG vaccination on the protective efficacy of new vaccines. In addition, new trials should be
designed to allow the subsequent measurement of the duration
of protection conferred by the most efficacious candidates.
Robust surveillance systems that can effectively monitor longterm trends will be necessary to confirm impact at the population level.
SCREENING AND TREATING TUBERCULOSIS
IN HIGH-RISK GROUPS
Migrants From High-Tuberculosis-Burden Countries

Migrant screening for tuberculosis is usually designed to detect
active disease. This permits the treatment of individuals and
potentially averts transmission. In some countries, assessing atrisk healthy persons for evidence of latent tuberculosis and
subsequent treatment is also utilized as a control policy. With
.50% of tuberculosis now diagnosed in migrant communities
in many low-prevalence countries and with most of these cases
presumed to have been infected in their country of origin, the
potential for identifying and treating latent infections becomes
an attractive control measure. A question therefore exists of

Is Screening for Latent Tuberculosis and Active Tuberculosis
Disease in Immigrants Effective and Cost Effective at
a Population Level?

Latent Tuberculosis
Screening for latent tuberculosis in migrants to low-burden
countries is important because the majority of their tuberculosis arises through the reactivation of infections acquired
abroad. A recent cost-effectiveness analysis suggested that in
the United States, screening of migrants for latent infection
with interferon-c release assays (IGRAs) is more cost-effective
than using the tuberculin skin test [25]. The National Institute
for Health and Clinical Excellence (NICE), which is based in
the United Kingdom, is responsible for providing national
guidance advice regarding healthcare [26]. Their guidelines
have shown that screening with either the tuberculin skin test
followed by an IGRA, or with IGRA only, is cost-effective.
These guidelines are not always followed [28]. The costeffectiveness of latent tuberculosis screening programs is also
dependent on the extent to which treatment is completed. It is
important to note that even in low-tuberculosis-burden
countries, the absolute quality of life improvement derived
from the treatment of latent infection is limited due to the
relatively low risk of progression for many individuals with
a positive test for latent tuberculosis. It is therefore important
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An understanding of the reason why the protection conferred by
BCG differs between populations, as well as the duration of
protection, is important. This understanding is significant not
only to inform its use within national programs, but also for
development of new vaccines, the correct timing of their administration in previously vaccinated persons, and the influence
of the locality in which they are administered.

whether screening just for active disease is sufficient or whether
migrants should also be tested for latent tuberculosis.
The setting in which migrant screening is undertaken also differs
between countries and substantially influences the effectiveness
of the program. For example, screening for active disease at the port
of entry (as carried out in major UK airports) could only be effective at ensuring that active cases are fully diagnosed and treated if
there is a reliable follow-up system. Screening after entry uses
systems that are already linked to other local services and thus have
been shown to have a low loss-to-follow-up rate. Migrants can also
be screened and treated for active tuberculosis prior to leaving their
country of origin, but this approach does not enable screening of
others who enter the country, such as illegal immigrants and those
whose original stated intention was to stay for a short period of
time.
The extent to which low-burden countries have implemented
widespread screening of migrants from high-burden countries
has differed considerably. The United States has promoted
the screening of immigrants, including testing for latent tuberculosis [11], but Western European countries have had variable
levels of implementation of screening policies. A recent review of
screening in low-burden countries highlights this variation [30].
Another important consideration for national tuberculosis
control programs and policies makers is how focusing entirely
on tuberculosis diagnosed within a country’s borders compares
to greater investment in the global effort to stop tuberculosis
(the so-called enlightened self-interest approach) [24].

that the formulation of national guidelines always weigh the
benefits of offering treatment against the probability of adverse
effects [29] and the opportunity cost of widespread latent tuberculosis treatment.
Active Tuberculosis
Screening for active tuberculosis has largely been based on chest
radiographic screening. The cost effectiveness of these programs

is highly variable and likely to depend on a number of factors
including site of screening (before, at, or after entry) and the
yield of tuberculosis in immigrants to each country. In a systematic review of national programs in Europe, it was reported
that the median yield for active tuberculosis was 0.18% (interquartile range, 0.10%–0.35%) [30]. A review of US, Canadian,
and European literature suggested that chest radiographic

Table 1. Diagnostic Accuracya and Cost Effectiveness of Diagnostic Tools for Tuberculosis Screening of Immigrants
Diagnostic Tool

Diagnostic Accuracy

Cost Effectiveness

Tuberculin skin test

Screening less cost effective than single IGRAs,
except as part of a 2-step approach
Sensitivity: 77% (95% CI, 71%–82%) [35]
Specificity: 97% (95% CI, 95%–99%),
non-BCG vaccinated populations [35]

IGRA

Linas et al report that IGRAs are more cost effective;
UK NICE guidelines identified a 2-step approach as
the most cost-effective screening method [25, 26].
Other cost-effectiveness analyses support IGRAs as a
more efficient tool for screening in Germany, France.
QuantiFERON
Sensitivity: 76% (95% CI, 72%–80%) [35]
Specificity: 98% (95% CI, 96%–99%) [35]
TSPOT.TB
Sensitivity: 90% (95% CI, 86%–93%) [35]
Specificity: 93% (95% CI, 86%–100%) [35]

Active tuberculosis
Chest radiograph

The main tool used by most low-tuberculosis-burden
countries to screen immigrants; conflicting cost-effectiveness
data largely determined by the underlying prevalence of
tuberculosis in screened groups
Sensitivity: 59%–82% [36–38]
Specificity: 52%–99% [36–38]

Smear and culture

Increased case detection as part of a package of tests in pre- and
postentry screening
Smear
Sensitivity: 50%–80% [39, 40]
Specificity: 95% [39, 40]
Culture 3 3
Sensitivity: 80%–100% [39, 40]
Specificity: 98% [41]

Molecular assays

Trial and cost-effectiveness data for immigrant screening limited;
potentially cost effective as part of a diagnostic algorithm where
individuals are first tested with smears [42]
Gene Xpert
Sensitivity: 90% [33]
Specificity: 99% [33]
Other PCR assays
Sensitivity: 50–95% [44–46]
Specificity: 98% [44–46]
Line Probe Assay
Sensitivity: 82%–100% [34]
Specificity: 92%–100% [34]

Abbreviations: CI, confidence interval; IGRA, interferon-c release assay; NICE, National Institute for Health and Clinical Excellence; PCR, polymerase chain reaction.
a
Defined using sensitivity and specificity. Presented as either a full range from published studies or, where a systematic review is available, a pooled point estimate
with 95% CIs.
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Latent tuberculosis

What Future Work Is Needed?

Strengthened control in the high-burden countries of origin for
immigrants who migrate to low-incidence settings will ultimately have the biggest impact on the importation of tuberculosis. The perceived lack of effectiveness of internationally
funded programs in developing countries needs to be tackled if
tuberculosis is to be controlled. Where countries choose to
screen for latent tuberculosis and/or active tuberculosis in

migrants, it is important that evidence-based cost-effective
measures be used to take into account overall health needs of
migrants, subsequent exposure due to travel to home countries,
and access to healthcare. Further research is needed to identify
optimal tools for screening for latent tuberculosis and active
tuberculosis in recent migrants, as well as settled migrants. In
addition, shorter and less toxic treatment regimes for latent
tuberculosis and active tuberculosis are required.
HARD-TO-REACH GROUPS
Many countries with a low tuberculosis burden have identified
particular groups that are at high risk, including prisoners,
homeless persons, and drug users [7, 8]. Interventions to identify and treat tuberculosis in these populations are often very
expensive, partly because those who are hard to reach struggle to
engage normal care and often because routine services fail to
engage deprived groups [3]. Services that actively detect cases in
these groups have been evaluated in trials. For example, a recent
evaluation of active case finding with a mobile digital radiographic unit in London shows that this may be a cost-effective
intervention [10]. A Dutch study demonstrated that mobile
digital radiography could interrupt transmission [49]. Successful
efforts to tackle tuberculosis in New York had a major component focused on these populations [50]. More controversial is
the management of latent tuberculosis in these populations.
Although the prevalence of latent tuberculosis is likely to be
higher in these groups than in the general population, widespread drug use and coinfection with blood-borne viruses increase the probability of adverse reactions to prophylactic
treatment. Furthermore, the hard-to-reach characteristics of
these populations make completion of treatment difficult.
Studies investigating novel approaches to improve treatment
completion in these deprived populations will be invaluable. The
specific groups with poverty-related and socioeconomically
determined increased risk of tuberculosis will differ by country
and sometimes by city. Therefore, evidence-based interventions
need to be locally tailored and need to address disease in
hard-to-reach groups as well as immigrant populations.
PREVENTIVE THERAPY FOR CONTACTS OF
MULTIDRUG-RESISTANT TUBERCULOSIS
The treatment of persons exposed to infectious tuberculosis
cases who become latently infected with M. tuberculosis has
been an important element of tuberculosis control in lowburden countries. Although data on effective treatment regimens for those exposed to drug-sensitive tuberculosis are
robust, evidence for the drug combinations to use during
treatment of M. tuberculosis–infected contacts following exposure to drug-resistant strains of M. tuberculosis is limited. To
date, no randomized controlled trials have been published on the
Controversies in Tuberculosis Control
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screening is not cost-effective and adds little to the improvement
of public health [31]. The inclusion of sputum smears and
culture, which may have greater diagnostic accuracy, has increased case detection [32].
New technologies for the diagnosis of active tuberculosis that
may have a role in migrant screening are emerging (Table 1).
Traditionally, molecular tests have had limited diagnostic accuracy compared with bacterial culture. However, recent progress has
led to the introduction of a number of novel assays, such as improvements to nucleic acid amplification tests, immune-based
assays, and skin patch tests. Research on these assays to date suggests variable effectiveness. Some of the tests that detect drugresistant M. tuberculosis strains, discussed in an accompanying
paper in this issue (see McNerney et al), have been endorsed by
the WHO, for example, the Gene Xpert MTB/RIF assay [33] and
the Line Probe assays [34]. None of these have yet been evaluated
in trials in migrant screening. Furthermore, the high cost of
molecular assays may preclude these tests as a cost-effective option
for the first-line screening of migrants. Further research on the
value of these tests in subgroups of migrants is warranted.
In the United States, preentry screening combined with
subsequent in-country follow-up after arrival was found to be
effective at identifying immigrants and refugees with tuberculosis [43]. An evaluation of preentry screening in the United
States suggested that it might be enhanced by the addition of
sputum cultures to existing algorithms that include chest radiography and smear examination [32]. A study from Israel also
found evidence to support preentry screening [47]. Additional
studies are needed to investigate whether preentry screening is
cost-effective and how this compares with the enlightened
self-interest approach of tackling tuberculosis in a migrant’s
country of origin, taking into account the inevitable differences
between countries and migrant groups.
In the United Kingdom [28], there is considerable heterogeneity and deviation from national guidelines in the implementation of postentry screening for active tuberculosis, with
many services showing poor yield. By contrast, the Dutch program of postentry screening was associated with a high yield
[51]. Among various groups of immigrants considered to be at
risk of tuberculosis, asylum seekers are recognized to have a very
high incidence. A study in Norway suggests particular difficulties
associated with the screening of asylum seekers due to high rates
of loss to follow-up [48].

efficacy of recommended treatment combinations for latent infection or active disease [53]. Although the management of these
individuals remains controversial, the low incidence of MDR
tuberculosis in most low-tuberculosis-burden countries would
suggest that this is a relatively low priority.
Why Is Preventive Therapy Used?

What Are the Options?

There are 3 main approaches to minimizing risk among contacts
of drug-resistant cases. The first, which has been adopted by the
UK NICE, is not to put these individuals on preventive treatment:
‘‘treatment for LTBI [latent tuberculosis] should not be started in
close contacts of people with sputum smear-positive MDR-TB as
no regimen is of proven benefit, and only a small proportion of
people infected will develop the disease’’ [26]. The presumption is
that if active disease occurs, it will be identified quickly and full
multidrug treatment started accordingly. The second is to tailor
the preventive treatment regime on a case-by-case basis, depending on the existing resistance profile. Several alternative
regimens have been suggested [59–61]. The British Thoracic
S298
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What Future Work Is Needed?

The development of new antituberculosis therapies to which
there is no existing resistance is a key long-term goal, not only
for the treatment of cases of active disease but also for prevention of progression in those with latent tuberculosis. This has
particular relevance in the fight against a rising tide of global
drug resistance.
The lack of efficacy data on alternatives to isoniazid or rifampicin prophylaxis has been highlighted as a key area of
concern by several reviewers [53, 63–65]. With very young
children, it is important to consider alternative approaches,
including the use of high-dose rifampicin. Furthermore, a prospective cohort of childhood contacts of MDR tuberculosis cases
suggested that tailoring treatment to the susceptibility profile of
the source case is effective [66].
Large randomized control trials are essential to properly determine the best approach to treating those exposed to drugresistant tuberculosis cases. Further trials are under way to investigate new drug regimens (see article by Lienhardt et al in this
issue) [65]. The drug susceptibility profile of MDR tuberculosis
cases differs; as a result, regimens for treatment of active disease
or latent tuberculosis must often be tailored to the individual
case to achieve optimal response. Although most novel tuberculosis drugs are being developed for treatment of disease (see
article by Coxon et al in this issue), 1 potentially appealing
approach would be to reserve a new drug for treatment of latent
tuberculosis cases in close contacts of MDR tuberculosis cases in
order to avoid potential perverse effects associated with selection
for antibiotic resistance.
CONCLUSIONS
Tuberculosis control in low-burden countries requires efforts to
tackle the disease in high-risk groups, as well as to ensure that the
health system is able to diagnose cases, regardless of group, as
early as possible. The latter can only be achieved with high levels
of awareness among physicians of the possibility of tuberculosis
in any patient. Although this article is not an exhaustive description of all the controversies surrounding the prevention and
control of tuberculosis in low-incidence countries, the issues
discussed illustrate the problems that exist. It is critical that each
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Contacts of patients with active pulmonary tuberculosis who
have latent tuberculosis may progress to active disease. A reliable
method to predict which individuals will progress does not
currently exist, although developments have recently been made
using transcriptional profiling [54, 55]. Despite the lack of
a reliable predictor, preventive treatment of latent tuberculosis
in exposed individuals remains an essential tool in the control of
tuberculosis. US and European guidelines advise that treatment
be considered for individuals who have evidence of latent tuberculosis from either an IGRA or tuberculin skin test [26, 56].
The guidelines differ in terms of the recommended application
of these tests as well as which groups to treat. UK guidance
recommends the treatment of latent tuberculosis in individuals
who are #35 years of age due to concerns about increased incidence of toxicity in older persons [26], whereas US guidelines
allow the treatment of latent tuberculosis irrespective of age
[56]. Most guidelines recommend at least 6 months of isoniazid;
however, some countries recommend a 3-month course of
isoniazid and rifampicin treatment [26]. Recent research indicates that 3 months of treatment with rifapentine and isoniazid is equivalent to 9 months of treatment with isoniazid
[57]. Because MDR tuberculosis is defined as resistance to isoniazid and rifampicin, these evidence-based regimens are not
appropriate for contacts of MDR tuberculosis cases. Furthermore, the erroneous treatment of a person with active MDR
tuberculosis thought to have only latent tuberculosis could lead
to the development of additional resistance, thus restricting
future treatment regimen options. This is particularly problematic for contacts of extensively drug-resistant tuberculosis
cases. It is worrisome to note that whole genome sequencing
data suggest that M. tuberculosis continues to mutate even
among those with latent tuberculosis [58].

Society and the Centers for Disease Control and Prevention
(CDC) recommend a treatment regimen of 2–3 drugs for 6–
12 months, although this can cause problems with drug toxicity
[61, 62]. The third option is to assess the degree of drug resistance
in order to determine if isoniazid can still be used. CDC guidelines categorize individuals by the likelihood of infection, risk of
progression (eg, due to level of immunocompetence), and degree
of resistance to isoniazid/rifampicin to determine which cases to
treat and with which regimen [61]. For all 3 options, long-term
vigilance for the development of active disease is recommended.

country attempting elimination reviews all elements of their
control program with a view to ensuring that a strategic approach
is taken to address locally relevant issues. The parochial interests
of each country may dictate that locally effective interventions,
which may not be cost effective on the global scale, are used. Such
tactics may not, in the long run, be in the interest of rich nations
when compared with the enlightened self-interest approach
[24] of addressing TB control in endemic countries. Infectious
diseases do not respect international boundaries. Tuberculosis is
a classic example of why all countries should join together and
support the efforts needed to achieve global tuberculosis control.
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