100 Years of BCG:
What’s next for TB R&D

Introduction
Tuberculosis (TB) is the world’s leading cause of death, causing 10 million infections every year and
accounting for around 1.5 million deaths, 90 percent of which occur in low- and middle-income
countries [1]. TB is also the primary cause of death among people living with HIV. TB is often referred
to as the “forgotten pandemic” and TB kills more people each year than any other infectious disease
despite being curable and preventable and the burden of TB is projected to increase dramatically
due to the COVID-19 pandemic [2, 3]. Despite significant advances in TB diagnosis and treatment
which have helped reduce mortality, TB still causes enormous human suffering, economic burden
and is a driver of global inequality.
Many years of underinvestment in TB programmes have
resulted in outdated prevention and diagnostic tools,
and difficult treatment regimens. Not only does this
hamper efforts to end TB, but inadequate treatment is
driving an increase in drug-resistant TB (DR- TB) which
is a major cause for concern and accounts for a third of
all antimicrobial (AMR) associated deaths. WHO
recently released a list of high burden countries with TB,
HIV associated TB and Drug Resistant TB which shows a
concerning number of new countries being added to the
list and clearly shows the need for effective TB
prevention, diagnostics and treatment. It has been
estimated that by 2050, drug resistant infections,
including TB, will be responsible for an additional 10
million deaths a year at an economic cost of $100
trillion, and DR-TB in particular could cost the global
economy US$17 trillion if the problem is not addressed
[3].
The UN and WHO set out ambitious targets in the Sustainable Development Goals and End TB
Strategy, to end the epidemic by reducing incidence by 80% and mortality by 90% by 2030. Research
and innovation comprise one of the three essential pillars for the attainment of these goals; in
particular, the development of a new tuberculosis vaccine that is safe, affordable and effective is
crucial for rapidly reducing the incidence of tuberculosis. According to recent estimates by STOP TB
Partnership, the COVID-19 pandemic has set back progress made in ending TB by at least 12 years
and has highlighted the unquestionable need for a new and effective vaccine [3].
The purpose of this briefing is to explore the development of TB vaccines over the last 100 years
and the goal is to increase political will and to enhance advancement in TB Research and
Development (R&D) through increased funding.
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The BCG Vaccine
This year marks a hundred years since the first and only TB vaccine, the Bacille Clamette-Guerin
(BCG) vaccine, was developed by Jean-Marie Camille Guerin and Albert Calmette.
The BCG vaccine was first introduced for human use against TB in 1921; it is one of the most widely
used vaccines in the world, and is still part of routine childhood immunization in many high-burden
countries. It primarily protects young children against the most severe forms of pulmonary TB.
However, on its own, the BCG vaccine’s efficacy is variable and it does not protect adults or
adolescents who are at the most risk of developing and spreading TB.
Significant advancements have been made over the last 100 years in the prevention and treatment
of other diseases that came after TB for example, the use of the HPV vaccine to prevent cervical
cancer, to the development of pre-exposure prophylaxis drugs (PREP) for HIV and second generation
vaccines for malaria which are expected to provide higher protection than the RTS,S/AS01 vaccine
which has been in development since the 1980s. However little progress has been made in the
development of new TB prevention tools and 100 years later the same vaccine is still being used.
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The development of new TB vaccines remains a priority globally. The world cannot ignore the need
for new effective prevention measures for TB, especially now that we have seen with the COVID19 pandemic how much can be achieved when financial investments, global efforts and political
will are consolidated. The WHO’s End TB Strategy identifies “intensified research and innovation”
as a key pillar in the fight against TB. In particular, it articulates that advanced tools must be made
available by the mid-2020s to end TB as a public health threat by 2035. However, the TB R&D
landscape is chronically underfunded, with an estimated funding gap of $1.3 billion, and new
investments are urgently needed to meet the longstanding challenge of inadequate drugs and
vaccine tools. Calls for a new vaccine that is effective and available to everyone latently infected
with Mycobacterium tuberculosis is critical to break the trajectory of the TB epidemic.
Despite the compelling global health need for a new vaccine, progress
in vaccine development is significantly diminished because of the
considerable and sustained resources needed to support and enhance
the full continuum of R&D
- Dr Tereza Kasaeva, Director of the WHO’s Global TB Programme [8].
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TB Research and Development
Compared to other diseases such as HIV, little is being invested in TB R&D although TB has a long
history and remains an urgent health concern globally. Despite the progress that has been made,
previous investments were not significant enough to warrant success in tackling difficult challenges
in TB such as (multi)drug-resistant TB, the development of new improved tools, and the
development of new vaccines for TB. In 2019, TB R&D funding surpassed US$900 million, the second
highest year of funding on record, yet this was far short of the US$2 billion goal that UN member
states agreed to reach by 2022 [4].
Even despite insufficient funding, there is ongoing research into possible new vaccines, as well as
developments to the BCG vaccine, with over a dozen potential vaccines in the pipeline, that are
showing positive trends and demonstrating the potential that research in this area provides. There
have been many studies with the BCG vaccine using modified versions or revaccination over the
years which have had varying efficacy. One of the most advanced TB vaccines, VPM1002 is a
modified, recombinant BCG which has successfully completed phase I and phase IIa clinical trials
and proved to be safe and immunogenic in adults and neonates [5]. There is also research currently
underway to determine whether revaccination of adolescents and young adults can extend BCG’s
protective effect [4].
After decades of research for a new TB vaccine, there is a promising development for TB prevention;
The vaccine candidate M72/AS01 , which concluded phase IIb trials in 2019 was shown to be
significantly protective against active pulmonary TB disease in adults latently infected. If confirmed
in follow-up studies, this would represent a breakthrough in the quest to develop an effective TB
vaccine [6].
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These positive developments demonstrate that there is a lot of potential in the TB vaccine R&D
pipeline but sustained funding is needed to ensure that research into an effective TB vaccine can
continue.

TB and COVID-19
In 2020 the world was faced with a new pandemic, COVID-19, which replaced TB as the world’s
leading cause of death from an infectious disease. Not only has the COVID-19 pandemic created
massive challenges for healthcare systems and restricted essential health service delivery, but it has
also redirected key resources, including diagnostic tools, workforce and R&D funding, away from
other diseases, including TB, to focus on COVID-19.
Due to the diversion of funding and extreme pressure COVID-19 has placed on healthcare systems,
the already struggling healthcare systems are ill equipped to respond to the simultaneous COVID19 and TB epidemics. COVID-19 resulted in lockdowns that have had an enormous impact on the
number of people seeking and receiving healthcare services for TB. It is also driving poverty and
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global inequality, placing more people at an increased risk of acquiring TB. People affected by TB
have also been more likely to suffer from extreme poverty, social isolation and human rights-related
barriers to TB services as a result of the pandemic.
While we are on track to meet the target for people living with HIV, we
are falling far short in reaching contacts of people with TB. By 2020,
less than 10% of the target was reached. If we are to achieve the UN
High Level meeting targets for TB preventive treatment in the 18
months left, we need to act with urgency.
- Dr Tedros Adhanom Ghebreyesus, Director General of the WHO [10].
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12 months later and new data shows that the numbers are even worse than predicted. Recent
findings released show that TB diagnosis and treatment enrolment in Bangladesh, India, Indonesia,
Myanmar, Pakistan, Philippines, South Africa, Tajikistan, and Ukraine (which together represent 60%
of the global TB burden) declined by a total of 1 million, ranging from 16%-41% (average 23%) in in
2020 [7]. This increases the risk of the disease being passed on and the development of drugresistant strains. This trend will continue to worsen unless we mobilize global efforts to end TB and
ramp up investments on TB R&D.
There are many similarities between COVID-19 and TB, including common symptoms and similar
modes of transmission. As a result, TB knowledge, research and resources have been used to inform
and support the COVID-19 response, including the use of BCG in COVID-19 vaccine trials and
GeneXpert TB diagnostic tools for the diagnosis of COVID-19. Nevertheless, despite the many
challenges COVID-19 poses for the elimination of TB, it also presents opportunities to leverage the
increased interest and investment in global health, as well as make use of the development of new
digital and telehealth technologies.
Governments and donors spent tens of billions on COVID-19 vaccine research, reaching over US$100
billion in only a few months following many new areas of research on COVID-19. This is in contrast
to TB vaccines where vaccines with proven safety and efficacy are awarded far less; in 2019, TB
vaccine R&D received only US$117 million [9, 10].
While the COVID-19 pandemic has diverted attention and resources from the effort to eliminate TB
over the past year, the response to vaccine development for COVID-19 has demonstrated the
incredible power of effective partnerships between private, philanthropic and public investors.
Approved COVID-19 vaccines demonstrate the unprecedented progress we can achieve through
collaboration. The lessons learned from the development of effective COVID-19 vaccines in recordbreaking time can be applied to the rapid testing, production, distribution and implementation of
potential TB vaccines that are already in the pipeline. Millions of lives are depending on it. The many
plans for advancing TB vaccine research will mean nothing if not paired with commitments to fully
fund their execution. It is past time to start expecting more, we have to act now by putting our
words in action.
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The TB Vaccine Pipeline
The roadmaps we see today for TB vaccines are a direct response to the scientific progress made
over the past two years. It signals that this moment in TB vaccine R&D is about making plans and
following through on them relentlessly to arrive at results that seemed remote and unattainable
just a few years ago. Over the past few years, there have been many trials for potential new TB
vaccines however, none of these candidates have been successfully approved and rolled out. This is
one of the reasons provided for why investment in TB R&D is so low - it's almost seen as a wasted
investment as nothing has worked yet. This is known within TB R&D as a 'valley of death' - where
new products are trialled but fail to secure the funding to carry on development work. This type of
thinking is a major hindrance to the progress of TB R&D. Although there are clear challenges to
developing TB prevention, diagnostic and treatment tools, we must ensure continued funding for
R&D, to be able to achieve global targets set out in the End TB strategy and prevent the TB epidemic
to become the next global pandemic.
The COVID-19 pandemic has upended TB research efforts and may impose lasting damage if funders
do not shore up support for ongoing and planned projects. Pre-pandemic, there were trials ongoing
for several new vaccine candidates, including the M72/AS01E. However, funding cuts and the
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pandemic have held back progress. There is a need to ensure that funding meant for TB R&D is not
diverted away and that TB R&D continues without disruptions.
Yet, in the middle of the disarray caused by COVID-19, the value of TB vaccine research has never
shone more clearly. As the world focused on COVID-19, it had immediate effect by halting most TB
clinical research and trial sites were suspended [11].
The considerable overlap between TB vaccine and COVID-19 vaccine development demonstrates
that investing in R&D for new TB vaccines carries broad benefits for the COVID-19 response and
medical research at large. In addition to this, COVID-19 has shown the world how risky infectious
diseases can be. TB can no longer be ignored and needs to be given the attention it deserves.

Human Rights
“Human rights are rights which all people have by virtue of being human and generally concern
an individual’s relation to the state." [8].
Until recently, human rights did not play a major role in the fight against TB and even less so in TB
research. However, this is changing. The need for the involvement of human rights-based and
ethical principles in every area of TB care and research has been highlighted in the WHO’S End TB
Strategy, the Ethics Guidance, and the Declaration of the Rights of People Affected by Tuberculosis,
by situating TB research in relation to the social, political, and cultural contexts in which science
takes place. One positive impact of the current situation of COVID-19 is that the right to science is
becoming more visible, and the governments and donors have put more investment in vaccine
development [8].
Most of current TB research does not address concerns related to the availability, accessibility, and
acceptability of TB prevention, diagnostics, and treatment. This is a major barrier to achieving the
right to science and health, and the ability to enjoy the benefits of scientific progress. Under
International Law, the state is responsible for ensuring the right to health which requires the
realisation of the right to science. With the advancement of science, our understanding of the right
to health also advances and we must continue to develop our advocacy efforts to push for more
funding to be able to attain the highest standards of TB care if TB is to end by 2030 [8]. Activists
need to hold their governments accountable for ensuring recognised scientific progress and the
enjoyment of its benefits as a fundamental human right. To achieve this, community engagement is
central as “it is the right to participate and enjoy the benefits of scientific progress and its
applications.” [14]
Governments and stakeholders should focus their attention on the neglected corner of human rights
law which includes the right to enjoy the benefits of scientific progress and its applications. It is
important to explain science concepts in the Ethics Guidance and in promoting needs-driven R&D.
Recommending government support for health research as an obligation of government under
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international human rights law could strengthen advocacy, action, and accountability, and hence
improve health services.
As the world focuses on recovering from the impact of COVID-19, access to tools to prevent and
treat infectious disease is being viewed as a human right which should be extended to TB [13]. If
we are to achieve the Universal Health coverage target of “Leaving no one behind”, we cannot
ignore TB but “Build forward” and include TB by investing more on TB R&D for an effective new TB
vaccine, as well as diagnostic and treatment tools, that are accessible to all.
Human rights approaches such as people centred cannot be underestimated. Engagement of civil
society and the TB community is essential to catalyse and sustain the political will to deliver on the
Political Declaration of UN High Level Meeting (HLM) on TB. Pushing governments to prioritize the
role of civil society and TB affected communities to End TB is critical step for governments in the
revision of national TB policies backed up by necessary legal provisions in accordance with the new
Monitoring framework of the WHO European Region TB action plan 2021-2030 and to mobilize
every available resource necessary to support meaningful engagement of civil society and TB
affected communities in TB response.
Involving affected communities in all aspects of research planning, execution and dissemination is
essential to ensuring we have a fully-funded pipeline for TB vaccine R&D by 2023 and a successful
vaccine candidate by 2025, if we want to achieve the SDG 3.3 to end TB epidemics by 2030.

Why We Need a New TB Vaccine Now!
Although TB was discovered well over 100 years ago, effective
prevention, diagnosis, and treatment tools are limited and
there is only one available vaccine, the BCG, which was first
used 100 years ago and has varying efficacy. Developing
diagnostic tests that can accurately detect latent TB infection
remains a challenge, and TB treatment regimens are long,
expensive and have horrendous side effects. The main TB
vaccine candidates in the pipeline still need to be tested more
intensively which means it will take longer and accrue higher
costs before we will have an available alternative to the BCG.
It should be noted that even before the COVID-19 pandemic, we were not on track to deliver on the
Sustainable Development Goal of ending TB by 2030. It was estimated that TB alone would cost
US$16.7 trillion between 2015-2050 [1]. As a result of the pandemic, we are now even further away
from achieving these goals and we will likely see a significant rise in TB cases over the next few years.
To recover from this there needs to be more investment in TB and this involves investing in a new
TB vaccine now [3] .
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While governments and multilaterals are busy
making plans for future pandemics and pandemic
TB and humans have been battling and
preparedness, they are overlooking existing
sharpening their swords on each other
epidemics, such as TB. TB could easily be the next
for so long that the balance between
global pandemic; not only has it been around for
who gets to win and who gets to lose
centuries, but it is the main cause of death in HIV
is a really fine one.
patients and a high proportion of AMR deaths are
—Thomas Scriba, University of Cape Town
attributable to TB. There has been a rapid
increase in cases of drug-resistance TB which now
account for a third of all antimicrobial resistance associated deaths [9]. Drug-resistant TB is a major
concern for the fight to eliminate TB and is being driven by ineffective and outdated tools for
diagnosis and treatment [17]. We must therefore find more effective ways to treat TB and multidrug
resistant TB to prevent future pandemics.
The progress that has been made in fighting COVID-19 in the last 18 months demonstrates what can
be attained when investment, political will and public interest are focused on achieving successful
R&D outcomes. As we prepare for the next UN HLM, governments should fulfil their previous
commitments to mobilise sufficient and sustainable funding to close the global investment gap on
TB R&D to 2 billion dollars in order to speed up R&D work that has been put on hold [16].
This is the perfect time for governments and stakeholders to reflect and develop new systems and
strategies for investment into global health research and development. COVID-19 has mobilised
international research collaboration with new donors appearing, who are willing to invest in health.
A new Global TB Research and Innovation Strategy has recently been adopted by WHO, and the
commitment to development of new TB vaccines should be prioritised now.
The only way to end TB is through development of
a new effective TB vaccine that is accessible to all.
A new TB vaccine could prove to be one of the
most effective public health interventions
because it will prevent millions of deaths and
infections every year and will reduce the risk of
drug-resistance. The recent development of the
M72 vaccine has given hope to the development
of other new TB vaccines. However, there are
other 15 candidates under active clinical
development that could prove to be lifesaving
interventions but there has not been a substantial
increase in TB Vaccine research funding since 2005 compared to what is spent on HIV vaccine
research, or cancer prevention [17].
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As we mark the 100-year anniversary of the BCG vaccine, we must recognise that despite
advancements in medical science, TB-affected communities continue to live with poor access to TB
care and often have their rights to science and health ignored; many people at risk of TB struggle to
access even decades-old prevention, diagnostic, and therapeutic technologies.
If everyone has a right to access scientific advancement and the highest quality of healthcare
available, where are our efforts to improve the spread of these tools to TB-affected community? A
solution to the lack of adequate prevention. Diagnostic and treatment tools, and their inequitable
distribution must be developed.
As already mentioned, insufficient research funding will slow down the pace and limit the scope of
scientific progress made in the fight to end TB and threatens our ability to achieve TB elimination
targets and milestones laid out in the WHO End TB Strategy.
We urgently need to increase political will and invest more in TB R&D if TB is to end globally. TB
somewhere is TB everywhere and should not be relegated to a concern for low and middle-income
countries. In the same way that countries swiftly responded to COVID-19 with international
collaboration and high investments for vaccines, governments must step up and increase
international funding and domestic resources for TB - the time to invest in TB vaccines is now!

TB Europe Coalition therefore recommends:
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