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ABSTRACT Tuberculosis (TB) still represents a major public health issue in spite of the significant impact of
the efforts made by the World Health Organization (WHO) and partners to improve its control. In 2014 WHO
launched a new global strategy (End TB) with a vision of a world free of TB, and a 2035 goal of TB elimination
(defined as less than one incident case per million). The aim of this article is to summarise the theoretical bases
of the End TB Strategy and to analyse progresses and persistent obstacles on the way to TB elimination.
The evolution of the WHO recommended strategies of TB control (Directly Observed Therapy, Short
Course (DOTS), Stop TB and End TB) are described and the concept of TB elimination is discussed.
Furthermore, the eight core activities recently proposed by WHO as the milestones to achieve TB
elimination are discussed in detail. Finally, the recently published experiences of Cyprus and Oman on
their way towards TB elimination are described, together with the regional experience of Latin America.
New prevention, diagnostic and treatment tools are also necessary to increase the speed of the present
TB incidence decline.

Introduction
Tuberculosis (TB) still represents a major public health issue in spite of the significant impact of the
efforts made by the World Health Organization (WHO) and partners to improve its control [1].
The WHO estimates that 10.4 million individuals became ill with TB and 1.7 million died in 2016. Despite the
fall in mortality rate of 3% per year, TB remains the ninth leading cause of death worldwide, counting
1.3 million TB deaths among HIV-negative people and almost 400 000 deaths among HIV-positive people [1].
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Severe critical challenges can be identified that hamper effective TB control. Persistently high TB mortality
can be reduced by earlier diagnosis and treatment. For as many as 3 million estimated TB cases we have
no notification, raising serious concern on optimal clinical and public health management. This is mainly
attributed to incomplete compliance of private providers in some countries, while economic barriers to
primary care access might determine underdiagnosed TB in low-income countries [1]. Multidrug-resistant
(MDR)-TB is another significant challenge. In 2016 there were 600 000 new cases with resistance to
rifampicin, of which 490 000 had MDR-TB (e.g. resistance to at least isoniazid and rifampicin), including
6.2% of extensively drug-resistant (XDR)-TB (e.g. MDR-TB with resistance to fluoroquinolones and one
second-line injectable). Drug resistance implies low treatment success rates (e.g. 54% for MDR-/
rifampicin-resistant TB and 30% for XDR-TB) [1–3]. Countries with the highest MDR-TB burden (47% of
the global total) are India, China and the Russian Federation [1].
In this bleak scenario, WHO launched a new global strategy (End TB) with a vision of a world free from
TB, and a 2035 goal of TB elimination (i.e. less than one incident case per million) [4]. In this article we
summarise the theoretical bases of the End TB Strategy and we analyse progresses and persistent obstacles
on the way to TB elimination.

A summary of the WHO strategies
The DOTS Strategy
The WHO launched the DOTS (Directly Observed Therapy, Short Course) Strategy in 1995, the first
comprehensive public health approach to TB aimed at having a significant impact on the TB epidemic
[4, 5]. Consisting of five core elements (figure 1), it strengthened the capacity of national programmes to
diagnose and treat TB cases, with a clear focus on those who were able to transmit the infection [6–9]:
sputum smear positive cases were prioritised for diagnosis and treatment with standardised short-course
chemotherapy regimens. The acronym chosen was a thoughtful decision to emphasise the need to adopt
the 6-month anti-TB regimen (known as category 1 regimen) to treat new TB cases. The regimen
consisted of a 2-month initial phase of isoniazid, rifampicin, pyrazinamide and ethambutol followed by a
4-month continuation phase including isoniazid and rifampicin [10]. The importance of ensuring
continuous drug supply was fully recognised.

1994–2005

2006–2015

2016–2035

The DOTS Strategy

The Stop TB Strategy

The End TB Strategy

1. Government commitment
2. Case detection through passive
case finding
3. Standardised chemotherapy to
all sputum smear positive TB cases
under proper case management
conditions

1. Pursue high-quality DOTS
expansion and enhancement

1. Integrated, patient-centred
TB care and prevention

2. Address TB/HIV, MDR-TB and
other challenges

2. Bold policies and supportive
systems

3. Contribute to health system
strengthening

3. Intensified research and
innovation

4. Engage all care providers
4. Establishment of a system
of regular supply of anti-TB drugs
5. Establishment of a
monitoring system, for programme
supervision and evaluation

5. Empower people with TB and
communities
6. Enable and promote research

FIGURE 1 Evolution of global anti-tuberculosis (TB) strategies. DOTS: directly observed therapy, short course;
MDR: multidrug resistant.
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The strategy introduced case recording and reporting as an essential element to evaluate the entire
intervention (figure 1). Government commitment was a clear pre-condition to make the strategy effective.
The Stop TB Strategy
In 2006 due to several emerging new priority interventions, the WHO launched the Stop TB Strategy
(figure 1), which was organised into six elements [4, 5].
The first element endorsed the continuation of the DOTS package as a whole, within an evolving
framework. Sustained financing was used in an era of greater attention to sustainability; quality-assured
bacteriology to go beyond sputum smear microscopy (the focus was on culture and universal drug
susceptibility testing); patient support (a move towards a patient-centred vision with many implications
[11–15]); monitoring and evaluation; and impact measurement. The new elements of the strategy were
represented by targeted measures against MDR-TB and TB/HIV co-infection, with new attention given to
the private sector (up to half of the TB cases are served by the private sector in the Indian sub-continent
and in other settings), as well as patients and communities. The concepts of “health system strengthening”
and “enhancing research” were also new.
The End TB Strategy
The vision radically evolved in the End TB Strategy (figure 1) [4, 5, 16–20] launched by WHO in 2014
and consisting of three pillars (tables 1 and 2). The first pillar summarised the core concepts of the
previous strategies related to diagnosis and treatment of TB, while introducing for the first time the
concept of prevention, mainly based on the identification and treatment of individuals with latent TB
infection (LTBI) [20–22].
The second pillar summarised all inter-ministerial activities that are at a level above the national TB
control programme teams and are relevant to impact TB control and elimination, starting with social
determinants (i.e. poverty alleviation) and ensuring universal health coverage, vital registration, rational use
of drugs, infection control and social protection [4, 8, 20, 23–26].
A paradigm shift: from TB control to TB elimination
TB control is classically seen as the strategy aimed at diagnosing and rapidly rendering infectious cases
non-infectious, in order to break the chain of transmission [9, 18, 27, 28].
The TB elimination strategy broadens the concept of TB control to identify and treat the pool of latently
infected individuals from which future TB cases will be generated [9, 18, 27, 28].
TB elimination, defined as less than one TB case per million population, is seen as a scenario where TB is
not eradicated but rather kept at such a low level that it no longer constitutes a public health problem [18].
TB eradication (e.g. the complete disappearance of the disease) is not considered possible considering the
dynamic model of its transmission (large “reservoir” of infected individuals, of whom only a low
proportion develops the disease) and the absence of a vaccine able to protect all individuals vaccinated.

TABLE 1 The End TB strategy pillars
Integrated, patient-centred care and prevention
A. Early diagnosis of tuberculosis including universal drug-susceptibility testing, and systematic
screening of contacts and high-risk groups
B. Treatment of all people with tuberculosis including drug-resistant tuberculosis, and patient support
C. Collaborative tuberculosis/HIV activities, and management of comorbidities
D. Preventive treatment of persons at high risk, and vaccination against tuberculosis
Bold policies and supportive systems
A. Political commitment with adequate resources for tuberculosis care and prevention
B. Engagement of communities, civil society organisations, and public and private care providers
C. Universal health coverage policy, and regulatory frameworks for case notification, vital registration,
quality and rational use of medicines, and infection control
D. Social protection, poverty alleviation and actions on other determinants of tuberculosis
Intensified research and innovation
A. Discovery, development and rapid uptake of new tools, interventions and strategies
B. Research to optimise implementation and impact, and promote innovations
Data from [4].
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TABLE 2 Tuberculosis (TB) elimination priority action areas
Priority action areas to reach TB elimination

Global strategy
pillars and
components

1. Ensure political commitment, funding and stewardship for planning and
essential services of high quality

1. A–D
2. A–D

2. Address the most vulnerable and hard-to-reach groups

1. A–D
2. B–D

3. Address special needs of migrants and cross-border issues

1. A-D
2. B–D

4. Undertake screening for active TB and LTBI in TB contacts and selected
high-risk groups, and provide appropriate treatment

1. A, D

5. Optimise the prevention and care of drug-resistant TB

1. A–D
2. A–D
3. A–B

6. Ensure continued surveillance, programme monitoring and evaluation and
case-based data management

2. A-C

7. Invest in research and new tools

3. A-B

8. Support global TB prevention, care and control

1–3

LTBI: latent TB infection. Data from [4].

Strong support for the elimination hypothesis is derived from mathematical modelling. A famous
modelling study by DYE et al. [29] showed the potential major impact of preventive interventions by 2050.
In particular the study findings suggest that very low incidence rates approaching one TB case per million
can be reached only by combining rapid diagnosis and effective treatment of both active TB and LTBI
cases [29]. Importantly, the impact of social protection and poverty reduction on TB incidence has been
recently underlined [30, 31].
Models predict that elimination of TB can be reached within the next few decades and can discern what
the relevant contribution of a new vaccine, new (shorter and better tolerated) regimens to manage TB and
LTBI and a new point of care diagnostic test would be [32, 33]. Diagnosis and treatment of LTBI
outperforms other interventions in these scenarios.
Other models describe the possible (and epidemiologically plausible) evolution of the disease from 2015 to
2050 (figure 2) [34]. At present the annual decline in TB incidence is rather slow (in the order of 1.5%
globally), as it results from a composition of the 7–10% decline observed in low TB incidence countries,
the 5% observed in intermediate incidence countries (e.g. China) and a much more modest downward
trend in high TB incidence countries [1]. The figure shows potential reduction based on different
scenarios: best use of available tools (Xpert and new generation Inno-Lipa rapid diagnostics [35–39],
shorter regimen and new/repurposed drugs [40–70]) followed by rapid progression following the
introduction of new tools and drugs from 2025 onwards.

Rate per 100 000·year–1

140

FIGURE 2 Projected acceleration in
the decline of global tuberculosis
(TB) incidence rates to target
levels. Reproduced from [34] with
permission.
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Current global trend: –1.5% per year

100 Optimise use of current
and new tools emerging
from the pipeline; pursue
universal health coverage
and social protection

50

–10% per year by 2025
–5% per year

Introduce new tools: a vaccine, new
anti-TB agents and treatment regimens for
treatment for active TB disease and latent
TB infection, and a point-of-care- test

10
2015

2020

2025
Year

2030

–17% per year

2035
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Low TB incidence countries (those with <10 notified cases per 100 000 population [18, 19]) fall into an
epidemiological situation where TB elimination is particularly conceivable and could be reached by 2050,
passing through a pre-elimination phase (defined as <10 cases per million population) by 2035 [18, 71, 72].
Low TB incidence countries have been invited to take action and implement adequate interventions to make
this possible.
The eight core activities to achieve TB elimination in low TB incidence countries
The WHO and the European Respiratory Society developed a framework and identified eight core
activities to achieve TB elimination in countries at low incidence of TB (originally defined as those with
<10 cases per 100 000 population) [18, 73].
Ensure political commitment, funding and stewardship
Although involvement of the private sector is crucial (it needs to be linked to the national TB programme,
so as to ensure that cases are notified and managed according to the standard, e.g. using validated
diagnostics and WHO recommended treatment regimens), TB control and elimination cannot be reached
in the absence of governmental commitment, funding and stewardship [4]. National TB programmes
(which work within the Ministries of Health [31]) should ensure that diagnosis, treatment and prevention
of TB are correctly implemented through an adequate legal framework. It is necessary to ensure that: TB
cases are duly notified and outcomes of treatment analysed; validated diagnostic algorithms are used (e.g.
by regulating reimbursements to both private and public health providers); and only quality drugs are
available for use or that antibiotics are prescribed according to a given hierarchy (thus ensuring rational
use of drugs and preventing selection of drug resistance). Beyond the legal framework, funding and
stewardship are core pre-conditions to pursue TB elimination [4, 18, 74]. Even in low TB incidence,
high-income countries funding can be inadequate, particularly when vertical TB control programmes have
been dismantled (because they are not cost-effective) and TB services decentralised. Furthermore, the
regionalisation of health services might complicate both coordination and funding of core activities [75].
In summary, it is of paramount importance to keep a central coordination level of anti-TB activities even
within a decentralised system, where it is clear “who is doing what” both on the prevention and clinical
side, and keep an adequate funding stream for the eight activities described above [18]. Obviously, with a
decreasing number of cases it becomes increasingly difficult to keep TB a high priority on the
governmental agenda [75].
The “WHO Global Ministerial Conference on Ending TB in the Sustainable Development Era: a
Multisectoral Response” was conducted in 2017 in Moscow, Russia, to accelerate implementation of the
WHO End TB Strategy [74]. Its product, the “Moscow declaration”, represents a fundamental milestone [74].
It calls for action at global and regional levels for four key areas. 1) Universal health coverage by
strengthening health systems and improving access to people-centred TB prevention and care, ensuring no
one is left behind; 2) mobilisation of sufficient and sustainable financing through increased domestic and
international investments to close gaps in implementation and research; 3) advancing research and
development of new tools to diagnose, treat and prevent TB; and 4) building accountability through a
framework to track and review progress on ending TB, including multisector approaches [74]. Later in
2018 a UN General Assembly on TB will further contribute to raise the position of TB on the agenda of
member states.
Address the vulnerable and hard-to-reach groups
There is undisputable evidence that TB is a poverty-related disease that concentrates in the most
vulnerable, marginalised and hard-to-reach populations.
Universal and free of costs access to TB services, in the absence of stigma (affecting care-seeking
behaviour), has been recommended by WHO and by the main TB guidelines for two main reasons [13,
20, 76–78]. The first reason is a principle, and relates to individual human rights: each human being has
equal rights to a healthy life. The second reason is related to the specific characteristic of the disease: the
best prevention of TB consists of rapid diagnosis and effective treatment of infectious cases, so that it is in
the communities interest to ensure that all individuals with signs and symptoms compatible with TB are
diagnosed and treated in a timely manner, even in the absence of health insurance and independently
from any other legal or residency requirements [13, 20, 76–79].
Address special need of migrants and cross-border issues
North–South and East–West migrations have been taking place for years [80, 81]. Massive migration from
Europe took place in the 19th Century contributing to the development of the USA and several Latin
American countries; similar complex flows have been observed elsewhere before and after [82].
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In 2016, approximately a billion people (>14% of the world’s population) were migrants: 250 million
international migrants and 763 million internal migrants. Globally, about 65 million of them underwent
forced displacement from their homes and 20 million people were considered refugees [83].
From a European perspective, almost 1.8 million migrants crossed the Mediterranean sea between 2014
and 2018 (table 3), with 16 000 dying during the trip [84], with many more reaching it by different sea
routes. Large waves of refugees over a short period of time (for example over 400 000 Syrians sought
asylum in Germany in 2015) created obvious management problems [85].
The main reason behind this massive move of populations is poverty and the hope of a better life.
Migrants and refugees escape war, famine, natural disasters and persecution, usually making long and
dangerous trips. Poverty, malnutrition, crowding and stress favour development and transmission of
several diseases, including TB [76–79]. The risk of acquiring TB disease given infection increases in the
presence of the risk factors described above [6, 7].
TB case notifications in many low-incidence countries are disproportionately higher in migrants, calling
for enhanced TB control strategies in these populations to achieve TB elimination. Countries have
generally focused on two targeted control strategies, balancing identification of active TB before or soon
after arrival in the host country to detect prevalent TB cases, and diagnosis and treatment of LTBI to
prevent TB reactivation.
More than a century ago passengers arriving by sea to the USA were asked to climb long and steep stairs
carrying their luggage under the observation of custom officers. Those who were smiling or laughing were
screened for mental disorders (of which syphilis was a common cause at the time) and those coughing
were screened for TB [82].
As of today evidence on optimal and cost-effective ways of screening for TB and LTBI (either before
migration, at the port of entry or after reaching the host country) continue to be elusive. The WHO
recommends (only conditionally) both TB and LTBI screening among migrants living in low TB burden
countries due to reservations about implementation issues, as well as the low quality of evidence of the
effectiveness and cost-effectiveness of available tools.
Manage LTBI
LTBI affects one-third to one-quarter of the population and is the reservoir for the large majority of
emerging active TB cases in low incidence countries. The management of LTBI first entered WHO
recommendations with the End TB Strategy, as a mainstay of its first pillar and a key element to pursue
elimination. Testing and treatment for LTBI should be organised with a programmatic perspective. This
implies strong political commitment, adequate funding, and an effective monitoring and evaluation

TABLE 3 Migration flows in the Mediterranean area; sea departures and arrivals 2014–2018
Year#

Arrivals n#

Deaths n (%)#

2014
2015
2016
2017
2018
Total

216 054
1 015 078
362 753
172 301
24 042
1 790 228

3538 (1.6)
3771 (0.4)
5096 (1.4)
3139 (1.8)
609 (2.5)
16 153 (0.9)

Population departing
from January 2017

Percentage of departures
from January 2017

22 253
18 590
14 745

11.6
9.7
7.7

Population arriving in
2018

Percentage of arrivals in
2018

9621
7114
9375

40.0
29.6
39.0

Top countries of departure from
January 2017
Syrian Arab Rep.¶
Nigeria+
Guinea+
Top countries of arrivals in 2018
Italy#
Spain§
Greece
#

: data from May 8, 2018; ¶: data from April 30, 2018; +: data from March 31, 2018; §: data from May 7,
2018; ƒ: data from May 6, 2018. Data from [84].
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system. In the recently updated LTBI guidelines [22], the WHO unified pre-existing multiple documents
and fragmented recommendations thus providing universal guidance. Currently, available LTBI diagnostic
tests are poorly predictive, and treatment regimens are long and poorly tolerated. In this situation, the
harm and benefit trade-off is unfavourable in most populations, except those with a very high risk of
reactivation. According to WHO, people living with HIV, children aged <5 years who are household
contacts of a contagious TB case, and people with clinical conditions such as silicosis, diseases requiring
anti-tumour necrosis factor treatment, dialysis, and transplantation, should be primarily targeted in all
epidemiological settings. In high resource and low TB incidence settings, additional at-risk populations
should also be the targeted for systematic LTBI testing and treatment, including HIV-negative children
aged ⩾5 years, adolescents and adults who are household contacts of people with bacteriologically
confirmed pulmonary TB cases, immigrants from highly endemic areas, prisoners and drug users [22]. In
specific settings (e.g. Mexico), as 30–40% of the TB cases have diabetes, collaboration with diabetes clinics
represents an opportunity to manage LTBI in this risk group [86, 87].
Among the important challenges for the countries approaching the TB pre-elimination phase we underline
the implementation of new generation diagnostics (test with higher prediction capacity on future disease)
and safer and shorter treatment regimens (the rifapentine/isoniazid weekly regimen for 12 weeks or the
ultra-short one month daily rifapentine/isoniazid regimen) [22, 88, 89].
Optimise prevention and care of MDR-TB
MDR-TB is omnipresent and represents an emergency in some settings [1]. In Europe, hot spots are
located in the former Soviet Union countries, where >30% of new TB cases are MDR.
Treating MDR- and XDR-TB is long (almost 2 years versus 6 months for a drug-susceptible case), difficult
(second-line anti-TB drugs are very toxic) and very expensive (the cost of treating XDR-TB might exceed
€100 000 in Europe, while a regimen for drug susceptible cases costs less than €20) [64, 90, 91].
A plethora of causes favours selection of drug resistant mutants, the common denominator being incorrect
treatment. Any cause of incorrect treatment (from poor-quality drugs to poorly designed regimens i.e.
drug selection, dosage and duration) would favour increasing prevalence of drug resistance [6, 7].
Therefore, the best prevention of drug resistance is rapid diagnosis and effective treatment of drug
susceptible cases, although treatment of those already affected by MDR-/XDR-TB is also important as they
can further propagate drug resistance.
Under this perspective, adequate infection control practices in healthcare facilities are of paramount
importance in limiting transmission to healthcare staff, patients and visitors, taking into account that the
“dangerous” TB cases are those that are undetected, including the MDR-/XDR-TB cases not recognised as
such and treated as drug-susceptible cases [26, 92].
Recent evidence suggests that correct treatment is extremely effective in rendering the patient rapidly
non-infectious. Today, the availability of rapid diagnostic methods allows us to identify, within a few
hours, whether the strain is susceptible or resistant to drugs and, therefore, enables appropriate treatment
accordingly [32, 33, 35–37]. Unfortunately, the practice of treating patients with the standard regimen for
new cases (“blindly” as far as drug resistance is concerned) and considering drug susceptibility testing only
when treatment failure occurs is still common in many settings [93].
Last but not least, treatment adherence is of paramount importance in preventing the emergence of
resistance. Therefore, any initiative in the direction of supporting adherence with a “patient-centred
approach” will contribute to reduce the probability that new drug resistance will occur [13].
In summary, national TB programmes need to ensure that key interventions including systematic use of
rapid genotypic methods and prescription of effective regimens (including the shorter ones when
applicable) within a patient-centred approach are implemented.
Improve surveillance, monitoring and evaluation and case-based data management
The importance of evaluating treatment outcomes and the performance of TB control programmes was
emphasised in the DOTS strategy, and further developed in parallel with the evolution of the
WHO-recommended strategies of TB control. Karel Styblo conceptualised the International Union Against
Tuberculosis model of TB control programmes in Tanzania during the 1980s, identifying a few core
variables to collect so as to monitor the programme, including treatment outcomes, based on a simple
paper-based system that was also likely to work in disadvantaged settings [4, 9, 94].
With improved technological development and accessibility, there is consensus that computerised,
individual data surveillance systems are necessary in all countries [95], allowing more precise and rapid
monitoring and evaluation of the programme performances at the regional and national level; in addition

https://doi.org/10.1183/16000617.0035-2018

7

TUBERCULOSIS | A. MATTEELLI ET AL.

to supporting a better clinical management of individual patients at the peripheral level. The need for
comprehensive individual information is more stringent for MDR-TB cases, as their management is more
complicated. An adequate legal framework is necessary to sustain the improvement of surveillance systems
at the national level [4]. A greater emphasis on cross-border management of cases and national
programme cooperation will be key in managing migrants with active TB more effectively and efficiently.
The End TB Strategy calls for increased efforts to evaluate the programmatic impact on the TB epidemic
with the hope to monitor the trajectory towards elimination in low TB incidence countries.
Invest in research
Research is essential at different levels. New vaccines, diagnostics and drugs/regimens are necessary to
pursue TB elimination [18]. However, research has a much wider scope, including operational research on
how better to introduce and use new tools, and improving specific aspects of the TB control and
elimination programme. Improved data at the national and global level, as discussed above, are key to
allow these operational research projects to be successful.
This cannot happen if the countries fail in developing country-specific, priority oriented and funded
national TB research plans [4].
Support global TB prevention, care and control
TB does not respect borders and international collaboration is necessary to achieve TB control and
hopefully elimination [1, 76–79]. As discussed above, much was done to develop a framework for global
data collection (allowing WHO to publish its annual TB global report) and to implement a mechanism
funding TB control efforts in economically disadvantaged countries (the Global Fund). However, the
funding gap is still consistent and more needs to be done through a better collaboration among all
stakeholders, including the private sector [1].

The existing country experiences
Cyprus
A recent study has investigated the progress achieved by Cyprus towards TB elimination [96]. Cyprus has
a population of about 1 million, and delivers a quality health service and TB programme. Although a
formal TB elimination plan does not exist, the eight core activities described above are implemented.
TB diagnosis and treatment are available free of charge. It was estimated that 85% of the 301 TB patients
diagnosed in 2011 were managed as outpatients, paying a nominal fee for these services.
A single, well equipped MDR-TB unit is available, all anti-TB drugs are available and the laboratory
undergoes regular external quality control.
LTBI screening and contact tracing are regularly performed in risk groups, particularly in contacts of index
cases and migrants. The 6–9 month isoniazid regimen is regularly used, although treatment completion
rates were not recorded at the time the study was performed.
Impact indicators are summarised in figure 3 [96]. As expected, in similar countries the numbers are
small. The overall TB notification rate calculated per million population decreased from 85 in 1980 to a
historical minimum of 28 in 2002. Among infectious (sputum smear positive) TB cases, the decline was
from 24 to 11 cases per million.
The balance between individuals born in Cyprus and abroad was reached in 2003; in the following years
the proportion of TB cases among migrants progressively increased, reaching a plateau above 80% in 2007.
TB notifications and rates (all forms) declined progressively among native Cypriots from 31 cases per
million in 1996 to six cases per million in 2004, then reaching a plateau around 7–8 cases per million.
Interestingly, the decline of infectious cases almost reached the TB elimination threshold (1 case per
million), with 2 cases per million in 2005.
Among foreign-born individuals, the rates of notified cases increased to 54 cases overall and 9 cases per
million (sputum smear positive) in 2009.
The TB trends in Cyprus demonstrate that adequate TB control measures allowed an annual average
decline of 9.4% between 1997 and 2002 (from 46 to 20 cases) to be reached. A mild increase was then
observed, due to the contribution from the immigrant population.
Cyprus reported and estimated a case-detection rate of 100% in 2012 (and more than 87% since 1990),
with a rapid capacity to diagnose cases (diagnostic delay: 2–4 days) and high success rates (exceeding 85%
since 2006).
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FIGURE 3 Tuberculosis (TB) cases
per million population (1980–2012)
in Cyprus. SS+: sputum smear
positive. Reproduced from [96] with
permission.

155
145
135
125
115
105
95
85
75
65
55
45
35
25
15
5
-5

All SS+ cases
SS+ Cypriots
SS+ foreign-born individuals
All TB

1 case per
million
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012

TB cases per million population

TUBERCULOSIS | A. MATTEELLI ET AL.

Year

The low MDR-TB prevalence (4.4% including both new and re-treatment cases together for a total of 10
cases diagnosed between 2005 and 2012) testifies the quality of the diagnostic and treatment programme
in Cyprus.
Therefore, Cyprus has virtually reached the TB elimination phase in its native-born population (figure 3),
even though a limited number of cases in foreign-born individuals brought the overall figure above the TB
elimination threshold.
VONIATIS et al. [96] identified the following interventions as necessary to consolidate the results achieved.
1) Focus on the management of vulnerable populations (especially migrants) with constant monitoring of
the capacity to ensure early detection and effective treatment. 2) Design of a specifically funded TB
elimination plan with objectives ad targets. 3) Implementation of the electronic LTBI register with
evaluation of completion rates. 4) Approval of the planned universal coverage and social protection
schemes to protect the most vulnerable people.
The Cypriot study, although small and not representative of the European situation, was important as
proof of concept that TB elimination is feasible [96].
Oman
Oman represents the second country to be formally evaluated under the TB elimination perspective [97].
Located among the Arabian Gulf Countries, the country (and the whole region) have a TB epidemiology
within the pre-elimination phase, with low incidence of TB among natives and the majority of cases
occurring among foreign-born people (representing about half of the total population: 1 986 226 out of 4
414 051 in 2016).
Effective TB control programmes are in place, including the eight core elimination activities described
above.
Government commitment is testified by the important budget (US$ 1.6 billion) allocated for health,
representing 13.6% of the state budget. Oman has developed a draft plan for TB elimination.
The study described the trajectory of Oman towards TB elimination between 2000 and 2016. Overall, in
2016 Oman notified 344 cases of TB, 190 among natives and 154 among foreign-born cases.
The TB notification rate (all cases, as well as sputum smear positive cases) declined among Oman-born
individuals from 2010 to 2016, while the decline among foreign-born sputum smear positive patients
started in 2014 (figure 4). The average decline of TB cases in Oman was −2% per year.
In 2016 the incidence of notified sputum smear positive cases was 38.1 per million population and that of
all forms of TB was 77.9 per million. For Oman-born cases, the incidence was 28.4 and 78.2 per million,
respectively, and among foreign-born cases was 49.8 and 77.5, respectively.
Oman reported excellent treatment outcomes (88% success in the 2015 cohort, 7% death rate and only 3%
lost to follow-up) and a low treatment delay (half of the cases diagnosed within 1 month from the onset of
symptoms).
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FIGURE 4 Decline of the case
notification rate of tuberculosis (TB)
towards the elimination threshold
(one case per million population)
in Oman. SS+: sputum smear
positive. Reproduced from [97] with
permission.
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Mortality, as in the majority of low TB incidence countries, was only apparently high as it affected the
elderly with co-morbidities (and TB was not the primary cause of death).
As in other Gulf Countries the TB/HIV co-infection rate is very low (12 (3.5%) cases in 2016, all under
antiretroviral treatment) and MDR-TB was limited to six cases in 2016 (an average of 4.4 cases per year
during the study period).
Health authorities in Oman are trying to increase contact tracing: contacts are systematically screened using
interferon gamma release assays or the tuberculin skin test. In 2016, 70% of the 1473 registered contacts
among Omani-born persons were screened, 142 (13.8%) had a positive LTBI test and none had active TB.
Among the 455 registered foreign-born contacts, 410 (90%) were screened and 80 (19.5%) had LTBI.
Looking at the progress towards TB elimination (figure 4), in 2011 the incidence among foreign-born
patients started exceeding that of natives; incidence rates for both foreign-born cases and nationals have
presently reached a “plateau”.
The Oman health authorities have committed to further strengthen the existing TB elimination plan and
its LTBI component. In particular, more efforts will be performed to define priority groups for LTBI
diagnosis and treatment (e.g. foreign born beyond contacts) [97].

A regional approach: the experience of Latin America
Several countries in Latin America and the Caribbean have low TB incidence or are approaching this
threshold [1, 71, 72]: Costa Rica, Cuba, Jamaica, Puerto Rico and English speaking islands have an
incidence of <10 cases per 100 000 population while Chile and Trinidad and Tobago have between 10 and
20 cases per 100 000 inhabitants.
Following a meeting organised in July 2016 involving representatives of the Asociación Latinoamericana
de Tórax (ALAT), the European Respiratory Society (ERS) and the Panamerican Health Organization/
WHO in Santiago, Chile, a plan was designed to pursue TB elimination in the region considering: 1) the
epidemiological and programmatic heterogeneity among countries; 2) the lack of published scientific local
data; and 3) the need for a local adaptation of the TB elimination framework.
The Hoja de Ruta para la Eliminación de la Tuberculosis en Latinoamérica y el Caribe 2016–2025 [71, 72]
identified eight components and specific actions to achieve TB elimination in the region, as summarised in
tables 4 and 5. Tables 4 and 5 show the indicators identified by the Latin American countries to measure

TABLE 4 Main indicators recommended for Latin American and Caribbean countries
Impact indicators

1. Reduction in number of TB deaths compared with 2015
2. Reduction in TB incidence rate compared with 2015
3. TB-affected families facing catastrophic costs due to TB

Milestones

Targets

2020

2025

SDG 2030

End TB 2035

35
20
0

75
50
0

90
80
0

95
90
0

Data are presented as %. SDG: sustainable development goals; TB: tuberculosis. Reproduced from [71]
with permission.
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TABLE 5 Top 10 implementation indicators of the End TB Strategy
Implementation indicators

1. TB treatment coverage
2. TB treatment success rate
3. Percentage of TB-affected households that experience catastrophic costs due to TB
4. Percentage of newly notified TB patients diagnosed using WHO recommended rapid tests
5. Latent TB infection treatment coverage
6. Contact investigation coverage
7. Drug susceptibility coverage for TB patients
8. Treatment coverage, new TB drugs
9. Documentation of HIV status among TB patients
10. Case fatality ratio

Recommended
target level %
⩾90
⩾90
0
⩾90
⩾90
⩾90
100
⩾90
⩾90
⩽5

TB: tuberculosis; WHO: World Health Organization. Reproduced from [71] with permission.

the trajectory towards TB elimination. At present it is too early to know if countries will be able to meet
them. Although a systematic review evaluating to what extent the eight core areas for TB elimination are
covered is beyond the scope of the present review, it is clear that several areas need to be further
strengthened. In particular a strong political commitment is necessary at a country level (ensuring
adequate financial and human resources, particularly from the public health and community perspective),
with improved surveillance and active case finding in risk groups. Furthermore, increased international
collaboration and enhancement of the existing programmes targeting big cities and their specific problems
will be beneficial. Still, the population access to rapid testing, shorter treatments for LTBI (e.g. rifapentine
is not yet registered in Europe) and availability of new drugs (bedaquiline and delamanid) is largely
sub-optimal in several low TB incidence countries.
Furthermore, a TB research network was created (the ALAT/ERS LATSINTB project) to tackle the
evidence gap, based on the positive results achieved by previous informal collaboration between ERS and
Latin American researchers [28, 32, 33, 47, 49, 63, 71, 72, 84, 85, 98–100]. These, as well as similar
initiatives, are necessary and properly coordinated with well-designed national research plans.

The TB elimination plan in Brazil
According to WHO, Brazil is one of the countries included in the set of priority countries for TB and
TB-HIV. In 2016, 67 000 people fell ill with TB and of these, 4500 died. Besides these alarming numbers,
epidemiological trends show a decrease in incidence rates, from 51.8 cases per 100 000 inhabitants in 1990
to 33.5 cases per 100 000 inhabitants in 2017, while mortality rates decreased from 3.6 to 2.1 cases per
100 000 population in the same period. In spite of these positive trends and because of the continental size
of the country and different socio-economic characteristics in different regions, TB epidemiological
indicators have important intra-country differences.
Following the WHO End TB Strategy, the National TB Control Programme in Brazil proposed a National
Plan to End TB as a Public Health Problem in 2017. The main aim of this plan is to reduce incidence
rates to levels <10 cases per 100 000 population and mortality rates to <1 case per 100 000 population by
2035, using the same pillars as the End TB Strategy.
The main strengths of the TB Brazilian programme are the universal diagnostic coverage, the treatment
managed via the public health system, the decentralised plan for TB patients follow-up, the active
involvement of both the civil society and the REDE-TB (the national research network) and the capacity
to achieve some of the WHO targets (e.g. TB detection rates at the level of 87%). The most important
future challenges will be more focused on improving TB treatment outcomes, implementing new diagnosis
and treatment technologies and an innovative approach to the disease from a social perspective [101, 102].

Towards TB elimination in Mexico
In 2017 Mexico reported 21 716 incident TB cases in 2017 with only 213 drug-resistant cases. Between
1997 and 2017 the annual TB incidence decline was around 30%, corresponding to an average annual
decline of 1.7%, which is more pronounced during the first 10 years (1997–2007) of the last 20 years
(1997–2017).
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Interestingly, out of a total of 32 states in Mexico, in 2017 one-third reported a TB incidence rate of
<10 cases per 100 000 population, one-third between 10 and 20 cases per 100 000 population and the
remaining third >20 cases per 100 000 population.
Formally, one- to two-thirds of the Mexican states have low TB incidence; the previous WHO threshold
value defining low TB incidence countries was 20 cases per 100 000 population.
This implies that the Mexican National TB Control Programme needs to plan a double velocity to
approach the TB pre-elimination phase.
Although a TB elimination plan has not been developed yet, national authorities are working to update
the national guidelines in order to focus them more on LTBI management.
The main strengths of the Mexican programme are the universal access to TB diagnosis and treatment
services (including MDR-TB), the availability of first- and second-line drugs of proven quality, as well as the
availability of national guidelines for the diagnosis and treatment of TB, and a quality surveillance system.
The core challenges the Mexican health authorities need to face in the future will be mainly focused on
the improvement of: 1) TB active case finding ( particularly of drug-resistant cases); 2) access to rapid
diagnostics; and 3) management of comorbidities (including diabetes). In addition further actions will be
necessary, such as to: 1) update the LTBI management guidelines (e.g. access to new diagnostics and new
shorter regimens; 2) re-define the risk groups to test them in low incidence states; 3) expand the network
of laboratories performing drug susceptibility testing for second-line drugs; and 4) to enhance the
patient-centred approach to reduce diagnosis delay and improve treatment outcomes.

Conclusions
In summary, although epidemiological plausibility for TB elimination exists, a comprehensive effort is
needed by national TB programmes to implement the eight core activities in different settings, including
Europe, the Gulf Countries and Latin America, as well as other regions. At the same time new prevention,
diagnostic and treatment tools are also necessary in order to increase the speed of the present TB
incidence decline.
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