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Where are the RNA vaccines for TB?
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ABSTRACT
A simple mRNA vaccine was shown to protect mice against tuberculosis more than 15 years ago. Like COVID-19,
tuberculosis is a respiratory infection killing over a million people per year. It too presents a global emergency. Can
the stunning success of RNA vaccination against COVID-19 be replicated for TB?
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The speed of development, deployment and high
efficacy of the new RNA vaccines against COVID-19
is stunning!

The emerging disease was rapidly recognized as
presenting a global health crisis and provided the
necessary incentives for this major breakthrough for
vaccinology [1]. Early projections from available data
suggested that the disease might kill millions of people
worldwide. Sadly, the projections have proven appro-
priate, but the RNA vaccines will play a major part in
countering this horrific disease [2,3].

Tuberculosis, like COVID-19, will also kill over a
million people this year and, notably, it does so
every year [4], despite being declared a “Global Emer-
gency” by WHO in 1993 [5]. Efforts to prevent this
are being compromised by the lack of an adequate
vaccine and the emergence and spread of multi-
drug-resistant TB (MDR-TB) bacteria [4]. Could
the development and deployment of RNA vaccines
against TB have an efficacy comparable to that
against COVID-19?

The demonstration in 2004 of a protective effect of
RNA vaccination against tuberculosis in mice was one
of the first proofs of concept for RNA vaccines [6]. In
that study, messenger RNA (mRNA) was transcribed
from DNA encoding an antigen of Mycobacterium
tuberculosis, purified, and the naked in-vitro-tran-
scribed (ivt) mRNA was injected four times into the
skin of the mice at 3-week intervals. When challenged
with virulentM. tuberculosis infection four weeks later
the mice were significantly protected. The protection
was less than that obtained with BCG, the only anti-
TB vaccine that is currently available for human use.
The finding has not been followed up. Perhaps on
the basis that development of practical ivt RNA

vaccines would be too difficult and expensive, atten-
tion shifted to DNA vaccines.

The subsequent research, development and appli-
cation of RNA (and DNA) vaccines in general has
tended to focus upon potentially lucrative targets
such as therapies for allergies and cancers. Neverthe-
less, some progress has been made towards protective
RNA vaccines against some other, mainly viral, infec-
tious diseases [7], and some DNA vaccines against TB
are being developed [8]. The comparative merits of
RNA and DNA vaccines were reviewed in 2019 [7].
However, giant strides have now been made in the
science and technology underlying the efficacy and
production of ivt RNA vaccines [2]. As a consequence,
the manufacture, deployment and administration of
small doses on a global scale has become a commer-
cially viable proposition for combating the COVID-
19 pandemic. Can this remarkable advance be
exploited for tuberculosis?

The view that adequate protection against bac-
terial infections such as TB will require delivery of
a complexity of diverse antigens by virulence-attenu-
ated vectors such as live BCG or attenuated
M. tuberculosis has not been discounted; current
understanding of the requirements for generating
protective immunity is limited [9] and multiple
forms of vaccine are being investigated [10], and
must continue to be investigated. However, the
attainment of potent protection with a limited num-
ber of TB antigens (subunits) remains a realistic
ambition that has precedents in animal models of
TB [11,12] and a range of subunit candidate vaccines
are in clinical trials [9,10]. The ivt RNA approach
may be ideally suited for the subunit approach. It
may arguably be the safest type of vaccine known,
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although clearly much remains to be learned and the
long-term safety remains to be established. If the key
to induction of protective immunity against TB is the
intensive generation of endogenous antigen within
antigen-presenting cells, as may be inferred from
DNA vaccine studies [11,12], then mRNA vaccines
might be superior to DNA in this respect; the
mRNA can be extensively engineered for enhanced
in vivo stability and antigen production. The approach
is otherwise similar to DNA vaccinology; templates
for multiple antigens can be used and it avoids the
complications introduced by vectors such as whole
bacteria or viruses that contain components that inhi-
bit the required immune responses. Currently, mRNA
is expensive to make, but manufacturing costs will
surely fall in response to demand. Furthermore,
pure mRNA is inherently highly stable, for example
when freeze-dried in a sealed vial, so future vaccines
may not require a cold chain for delivery if adequate
heat-stable adjuvanting can be accomplished [13].
Multiple antigens may be transcribed in vitro, com-
bined and shipped as dried heat-stable doses. This
advance in vaccinology will, of course, be further
exploited against other emerging infectious diseases,
but is there currently any other infectious agent that
is likely to kill people on the scale of COVID-19 and
TB? The global TB epidemic, with over a million
deaths a year, surely calls for an intensive R&D
effort to yield TB ivt RNA vaccines.
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