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1. Introduction

To commemorate World TB Day March 24th, 2017 The
International Journal of Infectious Diseases highlights the Advan-
ces, Challenges and Opportunities in the “End-TB” Era through
publishing 42 articles by a distinguished global authorship. The
series of articles review progress being made in achieving TB
control, reviews innovations in drugs, diagnostics, vaccines and
operational issues, and highlight remaining gaps and future
challenges that need to be overcome to achieve the ‘End TB’
targets. There is little doubt from current WHO morbidity and
mortality statistics,1 that TB is the most common infectious cause
of death worldwide; far surpassing both HIV and malaria.2 The
huge investments into HIV/AIDS and malaria have successfully
reduced morbidity and mortality rates from these infections.

2. Why is TB different from HIV and Malaria?

TB has specific features that complicate control efforts,
requiring unique and innovative approaches. These include the
poorly understood complex biology and pathogenesis of Mycobac-
terium tuberculosis infection, potential long latency periods,
unrecognized primary and re-infections, relatively asymptomatic
disease onset leading to transmission months before most patients
present for clinical care, a huge unrecognized reservoir of latent TB
infections compounded by a limited repertoire of cheap and safe
TB drugs, lengthy treatment with multiple drugs leading to poor
adherence. The growing and widespread problem of drug
resistance and major shortfalls in the available resources are
other important factors that distinguish TB from malaria and HIV.

3. Resources for TB control

The WHO's “End TB” strategy aims to reduce TB deaths by 95%,
reduce new cases by 90% between 2015 and 2035, and ensure that
no family is burdened with catastrophic expenses due to TB.3

However, this seems unrealistic to achieve in a situation where
over half a million cases of MDR TB occur every year, only 20% are
able to access appropriate care and treatment outcomes remain
sub-optimal.1,4 The mathematical model described by McBryde
et al. (2017),5 shows that MDR TB may sustain epidemic spread,6

even in the presence of some fitness cost, and over time potentially
replace drug susceptible strains in the absence of effective MDR TB
control programs.5,6
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Better utilization of resources, new diagnostics and affordable
drugs all need research to provide an informed platform for
rational use of available resources. However, research on TB is
underfunded; over 60 percent of available money for TB R&D
comes from public sources, and 65% of public money comes from a
single country, the United States.7 This is further emphasized by a
study from Cambodia showing that TB receives less funding there
compared to HIV and malaria, despite having a far bigger
population health impact.8

A critical review of the WHO's “End-TB” strategy concludes that
“if the End TB Strategy is to be successful in achieving TB
elimination,9 a more concerted action by funders and governments
will be required for further investments into TB prevention,
detection and treatment”.9 The proportion of HIV-infected patients
with TB influences the predictions and demonstrates the need for
close collaboration between TB and HIV programs.10 A limited
resource is negative-pressure isolation rooms. Present guidelines
are equivocal regarding when to de-isolate TB patients leading to
some patients being unnecessarily isolated for months, which is
associated with patient harm and occupies a scarce and expensive
resource.11

4. Tackling TB Co-morbidities with infectious and non-
communicable diseases

Co-infection with HIV greatly increases mortality and risk of
treatment failure,12 and diabetes mellitus also increases morbidity
and mortality of TB.13 These important co-morbidities clearly
demonstrate that TB management needs an integrated approach
and that every TB patient should be investigated for HIV and
diabetes, and every patient with HIV and diabetes should be
screened for active TB diseases and LTBI.

Following a cohort of 1696 TB patients in Tanzania, Nagu and
colleagues found that ART-näive TB/HIV patients had a seven-fold
mortality risk (RR = 7.42; 95% CI: 3.87, 14.22; p < 0.0001), whereas
TB/HIV patients on ART had a five-fold mortality risk (RR = 4.78;
95% CI: 2.41, 9.49; p < 0.0001).12 The median time to death was
shortest among ART-näive TB/HIV patients (thirty-six days). A
thirty-day increase on ART duration associated with a 3% mortality
reduction (RR = 0.97; 95% CI: 0.95, 0.99; p < 0.02), independent of
CD4+ T lymphocyte count and ART regimen.12

Diabetes mellitus, DM, increases the risk of developing TB by
two to three fold and increases the risk of TB treatment failure,
relapse and death.13 Hypertension is an increasing problem
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worldwide but this review of the literature found no evidence in
previously published studies of an association between TB and
hypertension.14

A study from The Republic of Congo,15 highlights the impor-
tance of coordinating diagnostics and treatment of HIV and TB/HIV
and describes how TB control programs there operate as distinct
entities with separate case management plans and protocols. For
instance, HIV testing is not systematically performed among TB
patients and the actual prevalence of TB/HIV co-infection remains
unknown.

Latent TB infection remains a difficult clinical and public health
issue and the risk factors for progressing from latent TB to
symptomatic disease are not fully understood except when the
patient is obviously immunocompromised by HIV-infection, by
immunosuppressive drugs including anti-TNF therapy, or by
regimens required post-transplant. Also strategies for treating
latent MDR TB are urgently needed.16

5. Public Health, Social and Operational Issues

An important challenge is how to reach marginalized groups
with increased risk of TB like residents of refugee camps and
migrants especially in low incidence countries, where infection
control is very difficult.17 Co-morbidities like HIV, diabetes
mellitus, viral hepatitis and alcohol, drug and cigarette use,
psychological care are important components for optimal patient
management to ensure compliance.17

Informed approaches to surveillance and control require
reliable, quality controlled diagnostics especially on drug suscep-
tibility. The report by Alabi et al. describes the establishment of a
TB reference laboratory in Gabon offering diagnostics, culture,
susceptibility testing and molecular diagnostics.18

The challenge of MDR TB is highlighted by Migliori et al.,
reviewing the situation among migrants entering Europe.19 Over
a quarter of TB cases in the European Union and European
Economic Area (EU/EEA) are reported among foreign-born
individuals and about 25% of the global multidrug-resistant TB
(MDR-TB) cases are reported in the European Region, particularly
from the former Soviet Union countries.19 One aspect of this is the
importance of the stigma from receiving a diagnosis of TB, which
must be addressed to encourage contact with the health care
service.20

The Ebola virus disease, EVD, epidemic had profound impact
on the health care systems of the affected countries in West
Africa.21 The study reviewed the impact on BCG immunizations,
TB diagnosis and management in the affected countries.21 The
EVD epidemic no doubt increased TB morbidity and mortality,
and the likely impact will not be known for several years to come.
Under-five vaccinations for TB with BCG, were affected adversely
by the EVD epidemic. The EVD outbreak was a result of global
failure and represents yet another ‘wake-up call’ to the
international community and particularly to African govern-
ments.21

Development of qualified, knowledgeable health care staff is
important to assure quality and rational utilization of resources,
but few studies have addressed the impact of training in TB
management on the behavior of health care staff.22 Another review
addresses the quality of care that is routinely provided in both
public and private sectors. Quality TB care is patient-centric care
that is consistent with international standards, delivered in an
accessible, timely, safe, effective, efficient and equitable manner.23

It is well known that prisons are hot-spots for TB transmission.
A study from India shows that the OR of being diagnosed with TB
was 6 in district prisons compared to central facilities; the OR was
5.2 in facilities with more than 500 inmates compared to facilities
with fewer than 500 inmates, and diagnostic facilities reduced the
risk of TB with an OR of 0.5 compared to facilities without.24 Lack of
TB screening at admission to the prison increased the OR of
diagnosing TB to 2.7.24

Children are an important target group to reduce under-5
mortality and morbidity, as well as the pool of latent infection, in
TB endemic areas.25 Barriers to the provision of preventive therapy
in resource-limited settings include: 1) the perceived inability to
rule out active disease, 2) fear of creating drug resistance, 3) non-
implementation of existing guidelines in the absence of adequate
monitoring and 4) poor adherence with long preventive therapy
courses. Barriers to TB treatment include: 1) perceived diagnostic
difficulties, 2) non-availability of chest radiography, 3) young
children presenting to unprepared maternal and child health
(MCH) services and 4) the absence of child friendly drug
formulations.26

6. Molecular studies

A review by Yeboah-Manu and colleagues highlights that
Mycobacterium africanum is found primarily in West Africa and
seems to progress less frequently to clinical disease and may even
show lower transmissibility.27 This presents an opportunity to
improve current understanding of host-pathogen interactions, and
for the development and evaluation of diagnostics, host-directed
therapies, and vaccines for tuberculosis . M. africanum may also
have important differences in transmission, pathogenesis, and
host-pathogen interactions, which could affect the evaluation of TB
intervention tools (diagnostics and vaccines).27

The unequal geographical distribution and spread of Mycobac-
terium tuberculosis complex (MTBC) species means that individual
research findings from one country or region cannot be generalized
across the continent. Thus, generalizing data from previous and
ongoing research studies on MTBC may be inaccurate and
inappropriate. A major rethink is required regarding the design
and structure of future clinical trials of new interventions.

The potential challenges for using whole genome sequencing,
WGS, for studies of MDR and XDR are discussed by McNerney R
(2017),28 and studies of standardized protocols for DNA extraction
and sequencing are urgently needed. This would be the first step
for the development of harmonized methods to analyze, report and
interpret molecular sequencing technologies to guide the devel-
opment of personalized therapeutic regimens leading to improved
patient outcomes.

7. Immunological studies

Intact immune responses to cytomegalovirus (CMV) and
Epstein-Barr virus (EBV) represent a biologically and clinically
relevant correlate of ‘immunological fitness’ in humans. The study
reported by Nagu et al., 29 found that Increased cellular immune
responses to CMV and EBV antigens at the time of diagnosis of
pulmonary tuberculosis were associated with increased survival
after a standard six months anti-TB therapy.29 Thus an intact
immune responses to cytomegalovirus (CMV) and Epstein-Barr
virus (EBV) may be a predictors for treatment outcome.29 The
study by Valentini et al. showed that BCG immunization induced
antibodies against host proteins.30 How this aberrant immune
response modifies the immune response to BCG needs further
study, but BCG is also used as immunotherapy in selected cases of
bladder cancer, indicating a positive but unspecific effect on the
immune response. The second study by Valentini et al. used
peptide arrays to dissect the epitope specific humoral immune
responses across the entire M. tuberculosis protein molecules.31 An
interesting finding was that patients from South America
recognized more peptides compared to patients from South Africa
(both groups HIV-negative).31 A study using peptide microarrays
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found that sera from patients with sarcoidosis and Löfgren's
syndrome recognised 68 - 78% M. tuberculosis peptides once again
suggesting mycobacterial involvement in sarcoidosis.32

Using paleomicrobiology it is possible to study the evolution of
MTBC over the past ten millennia and its association with human
migration, providing new insight into the probable origin of the
different MTBC bacterial lineages.33

8. TB Treatment

Tiberi et al. describe the evolution in WHO TB classifications
(taking into account an independently proposed new classifica-
tion) and recent changes in WHO guidance, while discussing the
differences among them, including the latest evidence on the ex-
group five drugs.34

Despite the large investment made in treating patients with
rifampin-resistant TB, the majority of these patients still receive
suboptimal therapy and achieve poor outcomes. A study that
reviewed data regarding the expected return on investment in
performing second-line DST for all patients with rifampicin-
resistant TB concluded that “incorporating second-line DST into
the routine care of all patients diagnosed with rifampin-resistant
TB on Xpert1 seems a justifiable investment to make”.35

Sotgiu et al. reviewed studies describing a 9 to 12-month
regimen for MDR-TB cases, known as the Bangladesh regimen.36

The protocol includes an initial phase of 4 to 6 months of
kanamycin, moxifloxacin, prothionamide, clofazimine, pyrazina-
mide, high dose isoniazid and ethambutol followed by 5 months of
moxifloxacin, clofazimine, pyrazinamide and ethambutol.36

There is an unmet need for TB treatment trials recruiting
children and adolescents.37 Urgent questions address efficacy,
toxicity and prophylactic treatment of contacts to MDR TB.37

A study from Tblisi, Georgia, described pulmonary surgery in
137 patients half with MDR/XDR TB.38 Whereas it was too early to
describe outcomes in terms of mortality, the study found that
“from the 98% of DS-TB cases presenting cavities or tuberculomas
and considered bacteriology cured according to WHO definitions,
56% were AFB positive from samples from the surgical specimens”.
Thus surgery need to be revisited in patients with extensive
pulmonary lesions even those with bacterial cure or patients
where bacterial cure is not possible.38

The study by Hanna et al. reviewed seven project teams
developing first-in-class translational and quantitative methodol-
ogies that aim to inform drug development decision-making dose
selection, trial design and safety assessments, to achieve shorter
and safer therapies for patients in need.39 These tools offer the
opportunity to evaluate multiple hypotheses and provide a means
to identify, quantify, and understand relevant sources of variability,
to optimize translation and clinical trial design.39

In recent years there has been renewed interest in the use of
natural products, due to the wide range of pharmacophores and a
high degree of stereochemistry, and therefore three-dimensional-
ity that natural products possess.40 Compound groups like the
phenazines (which include clofazimine), piperidines, mycins
(which include the rifampicins), quinolones (including the
fluoquinolones and bedaquiline) and antimicrobial peptides
(teixobactin, sansanmycins, Cyclomarin A, ecumicin, griselimycin,
lariatins and trichoderins).40

A review of the literature on anti-PD-1/PD-L1 therapy based on
the use in cancer therapy, indicate that anti-PD-1/PD-L1 therapy41

may be of potential benefit in chronic lung infections thus adding
another potential intervention to the growing portfolio of host-
directed therapies.41
9. Diagnostics and Biomarkers

The study by Heller et al describes a cross-sectional study
including 100 Malawian patients with a clinical indication for
ultrasound and reviewed the literature on point-of-care ultra-
sound (POCUS) in Sub-Saharan Africa.42 The study concludes that
“Ultrasonography has evolved as a highly sensitive and specific
imaging tool for diagnosing relevant conditions at the point of care
in immune-competent and immune- compromised patients”.42

Gambhir and colleagues review the different imaging modalities
available including, MRI, CT, ultrasonography and 18F-fluorodeox-
yglucose (FDG) PET-CT for the diagnosis of extrapulmonary TB.43

A review of molecular diagnostics and typing of mycobacteria
using DNS extracted from slides suggests that the method may
have potential.44 New rapid diagnostics remain a priority, and
Yerlikaya et al.,45 describe the database curated by FIND and
partners on the development of a well-curated and user-friendly
TB biomarker database.45

Host biomarkers may provide a sensitive and specific approach
to detect subclinical manifestations of clinical or subclinical TB,
and transcriptomics allows inspection of tens of thousands of
variables (such as gene expression, protein or metabolite levels) in
one step.46 The first attempts to reduce the number of transcripts
in transcriptomic profiling of TB shows that the information
contained in such large biosignatures is redundant, but more
specific signatures can be derived by a more selective approach.46

A suitable approach for new markers for early diagnosis is the
paper by Valentini et al.,30 describing the use of peptide arrays to
find Mycobacterium specific antibodies. Serology has so far not
been regarded as a useful tool for TB diagnosis, but given that no
early diagnostic tool is available (quantiferon-release assays
cannot distinguish latent and active TB) this should be explored
further.

10. Vaccines

The age old Bacille Calmette–Guérin (BCG) vaccine offers only
limited protection against TB and a healthy pipeline of new TB
vaccines are under various stages of development and evaluation.
Kaufmann et al. reviewed new vaccine candidates for TB
including subunit, inactivated whole-cell and live mycobacterial
vaccines.47 Current testing procedures evaluate the potency of
new candidates in animal models by measuring the reduction of
the bacillary load in the lungs during the acute phase of the
infection. However, so far none of the candidates has been able to
prevent the establishment of infection. The main characteristics
of several laboratory animal models are reviewed, reflecting that
none are able to simulate all the characteristics of human
tuberculosis. Therefore, it is important to test new candidates in
several models in order to generate convincing evidence of
efficacy, including better efficacy than BCG in humans. It is also
important to use “in silico” and “ex vivo” models to better
understand experimental data and to replace or refine experi-
mental animal models.48 Using a mouse model, one study showed
that immunizing with proteins involved in cell wall biosynthesis
induced a better protection against aerosol challenge compared
to BCG even without an adjuvant.49

11. Tuberculosis and world literature

The historic literature overview provides an important remind-
er of the devastation that TB caused before effective treatment
became available.50 Mortality was high in all age groups, and often
patients were sick for many years with low quality of life. The
review warns us what the situation will look like if MDR and XDR-
TB are not brought under control.50
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12. Conclusions

Even though new drugs and treatment regimens are becoming
available, the cost remains prohibitive and responsible and optimal
introduction of these is required. The investments in TB are
insufficient to reach the “End TB” goal, and the situation regarding
MDR and XDR TB is worsening. Bold political and funder
commitments, analogous to the ivermectin donation program
that helped to control onchocerciasis in West Africa in the 1980s,
are required. New, more effective drugs and innovations for
improving TB treatment outcomes are needed as well. A wide
range of host-directed therapies (HDT) require evaluation as
adjuncts to current TB drug treatment. Funders must take the bold
step of investing in novel concepts that challenge conventional
approaches and invest in evaluation of the efficacy of the wide
range of HDTs available in randomized, placebo-controlled clinical
trials as adjuncts to current TB treatment regimens.

The need for recruiting, educating, and retaining health care
staff is highlighted, and the reviews also underline the importance
of integrating HIV and TB management programs15 and the
importance of diabetes mellitus as a TB co-morbidity.13 The report
that patients with apparent cure still had live Mycobacteria in
surgically removed tissue, underlines that better markers for cure
are badly needed and that surgery may be considered in patients
with persistent lesions after treatment for drug resistant TB, even
after apparent bacterial cure.

The current status quo is unacceptable. Among the many
problems include: no effective TB vaccine, the lengthy treatment
duration of TB, the high death rates associated with MDR/XDR TB,
the long term functional disability suffered by TB patients due to
permanent lung damage and the associated drug toxicities, the
neglect of childhood TB, the large burden of comorbidity with TB
and HIV or NCDs, and sparse affordable TB drug pipeline

The prospects of controlling TB and achieving the WHO ‘End TB
targets’ are daunting. It is clear that research funding allocated to
TB is substantially less than what is available for HIV and malaria.
This must change, given that TB remains the largest infectious
disease killer on the planet. Progress in HIV and malaria prevention
and management over the past three decades has demonstrated
that huge investments in research and control programs do pay
dividends.

References

1. WHO. World Tuberculosis Report. http://www.who.int/tb/publications/glob-
al_report/en/ (Accesses 4th February 2017).

2. Padayatchia N, Naidua N, Friedland G, Naidooa K, Conradie F, Naidooa K,
O’Donnell MR. Turning the Tide Against Tuberculosis. Intl J Infect Dis
2017;56:6–9.

3. WHO. The End TB Strategy. http://www.who.int/tb/strategy/en/ (Accesses 4th
February 2017).

4. Schito M, Hanna D, Zumla D. Tuberculosis Eradication versus Control. Intl J
Infect Dis 2017;56:10–3.

5. McBryde E, Meehan MT, Doan TN, Ragonnet R, Marais BJ, Guernier V, Trauer
JM. The risk of global epidemic replacement with drug resistant M.
tuberculosis strains. Intl J Infect Dis 2017;56:14–20.

6. Shah NS, Auld SC, Brust JC, Mathema B, Ismail N, Moodley P, et al. Transmission
of Extensively Drug-Resistant Tuberculosis in South Africa. N Engl J Med.
2017;376:243–53.

7. Frick MW. Funding for Tuberculosis Research—an Urgent Crisis of Political
Will, Human Rights and Global Solidarity. Intl J Infect Dis 2017;56:21–4.

8. Khan M, James R, Sundaram N, Wu S, Eang MT, Vonthanak S, Coker R. Less
research on tuberculosis than HIV and malaria: a systematic review of research
outputs from Cambodia. Intl J Infect Dis 2017;56:25–9.

9. Lönnroth K, Migliori GB, Abubakar I, D’Ambrosio L, de Vries G, Diel R, et al.
Towards tuberculosis elimination: an action framework for low-incidence
countries. Eur Respir J. 2015;45:928–52. doi:http://dx.doi.org/10.1183/
09031936.00214014.

10. Centis R, D’Ambrosio L, Zumla A, Migliori GB. Shifting from tuberculosis
control to elimination: Where are we? What are the variables and limitations?
Is it achievable?. Intl J Infect Dis 2017;56:30–3.
11. Petersen E, Khamis F, Migliori GB, Glerup Bay J, Marais B, Wejse C, Zumla A. De-
isolation of patients with pulmonary tuberculosis after start of treatment –
clear, unequivocal guidelines are missing. Intl J Infect Dis 2017;56:34–8.

12. Nagu TJ, Aboud S, Mwiru R, Matee MI, Rao M, Fawzi WW, Zumla A, Maeurer MJ,
Mugusi F. Tuberculosis associated mortality in a prospective cohort in Sub
Saharan Africa: Association with HIV and antiretroviral therapy. Intl J Infect Dis
2017;56:39–44.

13. Girardi E, Schepisi MS, Goletti D, Bates M, Mwaba P, Yeboah-Manu D, Ntoumi F,
Palmieri F, Maeurer M, Zumla A, Ippolito G. The global dynamics of diabetes
and tuberculosis: the impact of migration and policy implications. Intl J Infect
Dis 2017;56:45–53.

14. Seegert AB, Rudolf F, Wejse C, Neupane D. Tuberculosis and hypertension - a
systematic review of the literature. Intl J Infect Dis 2017;56:54–61.

15. Linguissi LSG, Gwom LC, Nkenfou CN, Bates M, Petersen E, Zumla A, Ntoumi F.
Health systems in the Republic of Congo: Challenges and Opportunities for
Implementing TB and HIV collaborative service, research and training
activities. Intl J Infect Dis 2017;56:62–7.

16. Fox G, Dobler CC, Marais BJ, Denholm JT. Preventive therapy for latent
tuberculosis infection - the promise and the challenges. Intl J Infect Dis
2017;56:68–76.

17. Heuvelings C, de Vries S, Grobusch M. Tackling TB in low-incidence countries:
improving diagnosis and management in vulnerable populations. Intl J Infect
Dis 2017;56:77–80.

18. Alabi A, Traore AN, Loembe MM, Ateba-Ngoa U, Frank M, Adegnika AA, Lell B,
Mahoumbou J, Köhler C, Kremsner PG, Grobusch M. Enhanced Laboratory
Capacity Development: A boost for effective TB control in resource-limited
settings. Intl J Infect Dis 2017;56:81–4.

19. D’Ambrosio L, Centis R, Dara M, Solovic I, Sulis G, Zumla A, Miglioria GB.
European policies in the management of tuberculosis among migrants. Intl J
Infect Dis 2017;56:85–9.

20. Craig GM, Daftary A, Engel N, O’Driscoll S, Ioannaki A. TB Stigma as a social
determinant of health: a systematic mapping review of research in low
incidence countries. Intl J Infect Dis 2017;56:90–100.

21. Ansumana R, Keitell S, Roberts GMT, Ntoumi F, Petersen E, Ippolito G, Zumla A.
Impact of Infectious Disease Epidemics on Tuberculosis Diagnostic, Manage-
ment and Prevention Services: Experiences and Lessons from the 2014-2015
Ebola Virus Disease Outbreak in West Africa. Intl J Infect Dis 2017;56:101–4.

22. Wu S, Roychowdhury I, Khan M. Evaluating the impact of healthcare provider
training to improve tuberculosis management: A systematic review of
methods and outcome indicators used. Intl J Infect Dis 2017;56:105–10.

23. Cazabon D, Alsdurf H, Satyanarayana S, Nathavitharana R, Subbaraman R,
Daftary A, Pai M. Quality of tuberculosis care in high burden countries: the
urgent need to address gaps in the care cascade. Intl J Infect Dis 2017;56:111–6.

24. Prasad BM, Thapa B, Chadha SS, Das A, Babu ER, Mohanty S, Pandurangan S,
Tonsing J. Status of Tuberculosis services in Indian Prisons. Intl J Infect Dis
2017;56:117–21.

25. Jenkins HE, Yuen CM, Rodriguez CA, Nathavitharana RR, McLaughlin MM,
Donald PR, Marais BJ, Becerra MC. Mortality among children diagnosed with
tuberculosis: Systematic review and meta-analysis. Lancet Infect Dis. 2016 Dec
7. doi:http://dx.doi.org/10.1016/S1473-3099(16)30474-1 pii: S1473-3099(16)
30474-1.

26. Marais BJ. Improving access to tuberculosis preventive therapy and treatment
for children. Intl J Infect Dis 2017;56:122–5.

27. Zumla A, Otchere ID, Mensah GI, Asante- Poku A, Gehre F, Maeurer M, Bates M,
Mwaba P, Ntoumi F, Yeboah-Manu D. Learning from epidemiological, clinical
and immunological studies on Mycobacterium africanum for improving current
understanding of host-pathogen interactions, and for the development and
evaluation of diagnostics, host-directed therapies and vaccines for Tubercu-
losis. Intl J Infect Dis 2017;56:126–9.

28. McNerneya R, Clark TG, Campino S, Rodrigues C, Dolinger D, Smith L, Cabibbe
AM, Schito M. Removing the bottleneck in whole genome sequencing of M.
tuberculosis for rapid drug resistance analysis: a call to action. Intl J Infect Dis
2017;56:130–5.

29. Nagu T, Aboud S, Rao M, Matee M, Axelsson R, Valentini D, Mugusi F, Zumla A,
Maeurer M. Strong anti-Epstein Barr virus (EBV) or cytomegalovirus (CMV)
cellular immune responses predict survival and a favourable response to anti-
tuberculosis therapy. Intl J Infect Dis 2017;56:136–9.

30. Valentini D, Rao M, Rane L, Rahman S, Axelsson-Robertson R, Heuchel R, Löhr
M, Hoft D, Brighenti S, Zumla A, Maeurer M. Peptide microarray-based
characterisation of antibody responses to host proteins after Bacille Calmette-
Guérin vaccination. Intl J Infect Dis 2017;56:140–54.

31. Valentini D, Rao M, Ferrara G, Perkins M, Dodoo E, Zumla A, Maeurer M.
Immune recognition surface construction of Mycobacterium tuberculosis
epitope-specific antibody responses in tuberculosis patients identified by
peptide microarrays. Intl J Infect Dis 2017;56:155–66.

32. Ferrara G, Valentini D, Rao M, Wahlström J, Grunewald J, 1,25, Larsson LO,
Brighenti S, Dodoo E, Zumla A, Maeurer M. Humoral immune profiling of
mycobacterial antigen recognition in sarcoidosis and Löfgren's syndrome
using high-content peptide microarrays. Intl J Infect Dis 2017;56:167–75.

33. Donoghue HD. Insights gained from ancient biomolecules into past and
present tuberculosis – a personal perspective. Intl J Infect Dis 2017;56:176–80.

34. Tiberi S, Scardigli A, Centis R, D’Ambrosio L, Mun ̃oz-Torricoe M, A’ngel Salazar-
Lezama M, Spanevello A, Visca D, Zumla A, Migliori GB, Luna JAC. Classifying
new anti-TB drugs: rationale and future perspectives. Intl J Infect Dis
2017;56:181–4.

http://www.who.int/tb/publications/global_report/en/
http://www.who.int/tb/publications/global_report/en/
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0010
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0010
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0010
http://www.who.int/tb/strategy/en/
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0020
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0020
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0025
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0025
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0025
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0030
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0030
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0030
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0035
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0035
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0040
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0040
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0040
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0045
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0045
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0045
http://dx.doi.org/10.1183/09031936.00214014
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0050
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0050
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0050
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0055
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0055
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0055
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0060
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0060
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0060
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0060
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0065
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0065
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0065
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0065
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0070
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0070
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0075
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0075
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0075
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0075
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0080
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0080
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0080
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0085
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0085
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0085
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0090
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0090
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0090
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0090
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0095
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0095
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0095
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0100
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0100
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0100
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0105
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0105
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0105
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0105
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0110
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0110
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0110
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0115
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0115
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0115
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0120
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0120
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0120
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0125
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0125
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0125
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0125
http://dx.doi.org/10.1016/S1473-3099(16)30474-1
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0130
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0130
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0135
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0135
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0135
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0135
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0135
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0135
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0140
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0140
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0140
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0140
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0145
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0145
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0145
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0145
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0150
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0150
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0150
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0150
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0155
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0155
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0155
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0155
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0160
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0160
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0160
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0160
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0165
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0165
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0170
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0170
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0170
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0170


E. Petersen et al. / International Journal of Infectious Diseases 56 (2017) 1–5 5
35. Kendall EA, Cohen T, Mitnick CD, Dowdy DW. Second line drug susceptibility
testing to inform the treatment of rifampin-resistant tuberculosis: a
quantitative perspective. Intl J Infect Dis 2017;56:185–9.

36. Sotgiu G, Tiberi S, Centis R, D’Ambrosio L, Fuentes Z, Zumla A, Migliori GB.
Applicability of the shorter ‘Bangladesh regimen’ in high MDR-TB settings. Intl
J Infect Dis 2017;56:190–3.

37. McAnaw SE, Hesseling AC, Seddon JA, Dooley KE, Garcia-Prats AJ, Kim S,
Jenkins HE, Schaaf HS, Sterling TR, Horsburgh CR. Pediatric Multidrug Resistant
Tuberculosis Clinical Trials: Challenges and Opportunities. Intl J Infect Dis
2017;56:194–9.

38. Vashakidze S, Despuig A, Gogishvili, Nikolaishvili K, Shubladze N, Avaliani Z,
Tukvadze N, Casals M, Caylà JA, Cardona PJ, Vilaplana C. Clinical and
pathological characterization of lung lesions from surgical treatment for Drug-
Sensitive (DR-TB) and Multi-Drug/Extensively- Drug Resistant (MDR/XDR-TB)
Tuberculosis in Georgia: a retrospective study. Intl J Infect Dis 2017;56:200–7.

39. Hanna D, Romero K, Schito M. Advancing TB Drug Regimen Development
Through Innovative Quantitative Translational Pharmacology Methods and
Approaches. Intl J Infect Dis 2017;56:208–11.

40. Quan D, Nagalingam G, Payne R, Triccas JA. New tuberculosis drug leads from
naturally occurring compounds. Intl J Infect Dis 2017;56:212–20.

41. Rao M, Valentini D, Dodoo E, Zumla A, Maeurer M. Anti-PD-1/PD-L1 therapy
for infectious diseases: learning from the cancer paradigm. Intl J Infect Dis
2017;56:221–8.

42. Heller T, Mtemang’ombe EA, Huson MAM, Heuvelings CC, Be’lard S, Janssen S,
Phiri S, Grobusch MP. Ultrasound for patients in a high HIV/TB prevalence
setting - A needs assessment and review of focused applications for sub-
Saharan Africa. Intl J Infect Dis 2017;56:229–36.

43. Gambhir S, Ravina M, Rangan K, Dixit M, Barai S, Bomanji J, the International
Atomic Energy Agency extra-pulmonary TB Consortium. Imaging in Extrap-
ulmonary Tuberculosis for rapid diagnosis, treatment monitoring, and
pathogenesis studies. Intl J Infect Dis 2017;56:237–47.

44. Rakotosamimanana N, Rabodoarivelo MS, Palomino JC, Martin A, Razanam-
parany VR. Exploring tuberculosis fingerprints from smear microscopy slides.
Intl J Infect Dis 2017;56:248–52.

45. Yerlikaya S, Broger T, MacLean E, Pai M, Denkinger CM. Tuberculosis Biomarker
Database: The Key to Novel TB Diagnostics. Intl J Infect Dis 2017;56:253–7.

46. Weiner J, Kaufmann SHE. High-throughput and computational approaches for
diagnostic and prognostic host tuberculosis biomarkers. Intl J Infect Dis
2017;56:258–62.

47. Kaufmann SHE, Weiner J, von Reyn CF. Novel approaches to TB vaccine
development. Intl J Infect Dis 2017;56:263–7.

48. Cardona PJ, Williams A. Experimental Animal modelling for TB vaccine
development. Intl J Infect Dis 2017;56:268–73.

49. Rao M, Cadeux N, Fitzpatrick M, Reed S, Valentini D, Parida S, Dodoo E, Zumla
A, Maeurer M. Mycobacterium tuberculosis proteins involved in cell wall lipid
biosynthesis improve BCG vaccine efficacy in a murine TB model. Intl J Infect
Dis 2017;56:274–82.

50. Vilaplana C. A literary approach to Tuberculosis: Lessons learnt from Chekhov,
Kafka and Katherine Mansfield. Intl J Infect Dis 2017;56:283–5.

Eskild Petersen*
Institute of Clinical Medicine, University of Aarhus, Denmark; The

Royal Hospital, Muscat, Oman

Markus Maeurer
Therapeutic Immunology (TIM) Division, Department of Laboratory
Medicine, Karolinska University Hospital Huddinge, and Centre for
Allogeneic Stem Cell Transplantation, Karolinska University Hospital

Huddinge, Stockholm, Sweden
Ben Marais
The Children's Hospital at Westmead and Centre for Research
Excellence in Tuberculosis (TB-CRE), Marie Bashir Institute for

Infectious Diseases and Biosecurity (MBI), University of Sydney,
Australia

Giovanni Battista Migliori
WHO Collaborating Centre for TB and Lung Diseases, Maugeri Care

and Research Institute, Tradate, Italy

Peter Mwaba
UNZA-UCLMS Research and Training Project, University Teaching

Hospital, Lusaka, Zambia

Francine Ntoumi
Fondation Congolaise pour la Recherche Médicale, Faculté des

Sciences de la Santé, Marien Ngouabi University, Brazzaville, Congo;
Institute for Tropical Medicine, University of Tübingen, Tübingen,

Germany

Cris Vilaplana
Unitat de Tuberculosi Experimental Fundació Institut d’Investigació
en Ciències de la Salut Germans Trias i PujolEdifici Laboratoris de

Recerca Can Ruti Campus, Barcelona, Spain

Kami Kim
Department of Medicine (Infectious Diseases), of Microbiology &

Immunology and of Pathology, Albert Einstein College of Medicine,
Bronx, NY, USA

Marco Schito
Critical Path to TB Drug Regimens, Critical Path Institute, Tucson,

Arizona, USA

Alimuddin Zumla
Center for Clinical Microbiology, Division of Infection and Immunity,

University College London, and the National Institute of Health
Research Biomedical Research Centre at UCLHospitals, London,

United Kingdom

* Corresponding author.
E-mail addresses: eskildp@dadlnet.dk (E. Petersen),

Markus.Maeurer@ki.se (M. Maeurer),
ben.marais@sydney.edu.au (B. Marais),

gbmigliori@gmail.com (G. Migliori),
pbmwaba2000@gmail.com (P. Mwaba),
fntoumi@fcrm-congo.com (F. Ntoumi),
cvilaplana@gmail.com (C. Vilaplana),
kami.kim@einstein.yu.edu (K. Kim),

mschito@c-path.org (M. Schito),
a.zumla@ucl.ac.uk (A. Zumla).

http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0175
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0175
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0175
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0180
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0180
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0180
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0185
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0185
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0185
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0185
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0190
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0190
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0190
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0190
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0190
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0195
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0195
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0195
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0200
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0200
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0205
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0205
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0205
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0210
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0210
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0210
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0210
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0215
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0215
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0215
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0215
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0220
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0220
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0220
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0225
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0225
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0230
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0230
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0230
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0235
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0235
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0240
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0240
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0245
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0245
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0245
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0245
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0250
http://refhub.elsevier.com/S1201-9712(17)30059-0/sbref0250
mailto:eskildp@dadlnet.dk
mailto:Markus.Maeurer@ki.se
mailto:ben.marais@sydney.edu.au
mailto:
mailto:pbmwaba2000@gmail.com
mailto:fntoumi@fcrm-congo.com
mailto:cvilaplana@gmail.com
mailto:kami.kim@einstein.yu.edu
mailto:mschito@c-path.org
mailto:a.zumla@ucl.ac.uk

	World TB Day 2017: Advances, Challenges and Opportunities in the “End-TB” Era
	1 Introduction
	2 Why is TB different from HIV and Malaria?
	3 Resources for TB control
	4 Tackling TB Co-morbidities with infectious and non-communicable diseases
	5 Public Health, Social and Operational Issues
	6 Molecular studies
	7 Immunological studies
	8 TB Treatment
	9 Diagnostics and Biomarkers
	10 Vaccines
	11 Tuberculosis and world literature
	12 Conclusions
	References


