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There are already 12 tuberculosis vaccine candidates under phase 1, 2, and 3 development that
incorporate vaccine platforms ranging from whole cell vaccines and adjunct proteins to
subunit vectors. The promising results published in The Lancet Respiratory Medicine of the
safety and immunogenicity trial of the new tuberculosis vaccine candidate 1D93,1 a fusion
protein of four separate Mycobacterium tuberculosis antigens given in combination with
adjuvant GLA-SE, begs the question, is this just another vaccine candidate or is it novel in

some way?

ID93 is a recombinant fusion protein and comprises four antigens associated with virulence
(Rv2608, Rv3619, Rv3620) or latency (Rv1813). In the study by Adam Penn-Nicholson and
colleagues,1 escalating doses of ID3 plus the adjuvant GLA-SE seemed to be safe and
induced robust and sustained antigen-specific CD4 T cell and antibody responses in BCG-
immunised, M tuberculosis-infected people. While we await further evaluation of this vaccine
in phase 2/3 trials, this study sheds further light on two important issues related to vaccine

development.

First, the role of antibodies in protective M tuberculosis responses has been debated for
several decades. IgG subclasses are affected by two main factors: the predominant production

of IFN - leads to IgG2 production, IL-4 and 1L-13 switch to IgE, and IgG3 and IL10 switch
to 1IgG1 and IgG3; and the nature of the immunising agent proteins tend to favour 1gG1 and
IgG3, whereas carbohydrates, including components in adjuvants, induce 19G2.2 Thus, one

could argue that IgG measurement presents a relevant biomarker for vaccine immunogenicity

and the role of antibodies needs further study.3 However, findings in a non-human primate

tuberculosis model suggested a beneficial role of B-cells in M tuberculosis infection.4 B

lymphocytes can act not only as antigen presenting cells, but also as effector cells,



while antibodies might help to opsonise proteins and further augment T-cell responses.5 Ex-
vivo functional analyses of IgG in patients with tuberculosis is required to clarify whether
circulating anti-M tuberculosis 1gG simply is a convenient biomarker for vaccine studies or

whether it serves a biological and clinically relevant function.4

The second important issue arising from Penn- Nicholson and colleagues’ study is that

immune cellsinduced by ID93 plus GLA-SE vaccination in M tuberculosis infected

individuals showed greater T-cell differentiation, which is most likely due to existing M

tuberculosis-specific memory T cells undergoing vaccination-driven expansion.

This finding could be relevant because as differentiated T cells increase in number, less
differentiated T cells decrease. These findings shed light on a central issue in vaccinology and

immune protection. Adoptive transfer of T cells (in active immunotherapies) show that

protective T-cell responses are associated with a central memory (CD45RA-CCR7-positive)
subset that provides long term immunological protection,6 and the same might be true for

pathogen-specific cellular immune responses. Do the vaccine-specific differentiated T cells

leave the central memory pool? This question requires answering because circulating T cells
represent only 2% of the entire lymphocyte pool and immune-monitoring is based on the

assumption that the immune response profile of peripheral T cells might be representative of

the functionality of tissue-resident T cells. This issue could also apply to patients with
tuberculosis because immune effector cells are present at sites of disease or inflammation,
such as the lymph nodes or in the lung, but not in the peripheral circulation. Results of studies
in mice show that the sheer presence of M tuberculosis-specific peripheral T cells might be
insufficient. Findings of cancer immunology studies have shown that it is difficult to detect

circulating antigen-specific



T cells against common mutant tumour antigens. Obtaining access to tissue samples isolated

from infection sites in M tuberculosis-positive individual is clinically challenging in vaccine

studies. However, peripheral T-cell subsets carry markers of recent tissue homing-ie,
CXCR3, CCR6, CCR9, and CCR4-which might help to establish whether these cells have

been homing to various diseased organs, including the lung, or infected tissue compartments.7
A tissue that is most likely to be differentially present in vaccinees worldwide is fat. Whereas

findings of earlier studies showed that adipocytes provided a safe haven for M tuberculosis,

potentially acting as professional antigen-presenting cells to initiate and sustain cellular
immune responses, recent exploratory data in the murine model suggest that adipose tissue
can serve as the homing reservoir for longterm memory pathogen-directed immune

responses.8

Is there a point of no return if antigen-specific T cellsreside in differentiated T-cell subsets?
These T cells might show powerful immune effector functions, defined by cytokine
production,9 but without longevity. Although cellular plasticity in organs and tissues of adults
is more appreciated, it is also observable in T-cell responses: T cells can revert, even if they

are terminally differentiated, to the cradle of long-term immune memory T cells.

Of interest is also the recent finding that Th17 cells, unlike Th1l cells, do not exhibit immune
senescence,10 although their role in tuberculosis is controversial and can depend on the stage
of disease. Equally important in assessing vaccine immunogenicity in individuals harbouring
M tuberculosis infection is its epigenetic imprint on the overall dynamicity of immune

responses.

Ineffective immune responses can be ‘unlearned’ by several ways—ie, by the vaccine plus

the adjuvant itself, as recently shown for BCG vaccination11 and therefore



contribute to T-cell fitness and reprogramming. A different mechanism of vaccination might
be required, especially in the case of vaccination of individuals previously exposed to M
tuberculosis. The vaccine target could expand T-cell populations, not yet activated during

infection.

Smart adjuvants increase target-specific immune responses and antigen-saving—a vaccine

formulation with less antigen content but with an excellent adjuvant can work as effectively

as one with a high antigen content (which affects production costs). In addition, the

endogenous microbiome substantially affects antigen specific immune responses. Patients
with cancer who harbour certain intestinal bacteria, such as Akkermansia muciniphila,12
exhibit better clinical responses to immune checkpoint inhibition. With this in mind, vaccine
studies in M tuberculosis-infected individuals receiving standard anti-tuberculosis therapy

would also require microbiome profiling, considering that antibiotic treatment has longlasting

effects on microbiota.13 Although seemingly complex as first glance, a holistic analytical
approach is required to outsmart M tuberculosis, an infectious agent that has co-evolved with

humankind throughout history.

While safety and clinical efficacy are important in the assessment of new vaccine candidates,
the novel insights provided by the vaccine into mechanisms of protection and clinically

relevant markers of vaccine take and protection are also important. In this regard, the vaccine

candidate described by Penn-Nicholson and coworkersl is not just another vaccine—it is

novel, focusing attention on the continuing conundrum of long-term immune memory T-cell

responses in tuberculosis.
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