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Ex vivo mycobacterial growth inhibition assay- re-evaluation of the tool for
tuberculosis immune response and vaccine efficacy

WHO and STOP TB have called for an ambitious goal to end
TB as a global epidemic by 2035, aiming foran average of
less than 10 tuberculosis cases per 100,000 and reduce the
number of deaths from TB by 95%!. It is clear that new tools
are needed to achieve this ambitious goal2. It has
beenspeculated that with the optimisation of current tools,
improved universal health coverage and social protection, a
rate of 25 TB cases per 100,000 a year by 2035 can be
achieved. However, to 'end TB' by 2035, we will need new
diagnostics, drug treatments, vaccines and biomarkers.

With the need for a more effective vaccine, the continued
elusiveness of a correlate of protection, there has been a
resurgence of interest in mycobacterial growth inhibition
assays (MGIAs), which consider a range of immune
mechanisms and their complex interactions. These systems
utilise whole blood or peripheral blood mononuclear cells
(PBMCs), and measure the ability to inhibit growth of
mycobacteria following in vitro infection.MGIA assay can
also provide a unique opportunity to manipulate the host
response in a very defined manner and measure the effect to
control bacterial growth, e.g. by neutralisation of cytokines,
depletion of specific host cell populations, or the use of
genetically modified strains of both animals or mycobacteria
(1).These assays are also applicable to other areas of TB
research including drug evaluation and diagnostics?.

MGIA assaysmeasure the summative ability of all innate, cell-
mediated and humoral immune components in a sample to
contribute to the control of mycobacterial growth. It can be
translated between different animal species and into humans,
providing a bridge between preclinical efficacy of vaccine
candidates and efficacy potential in early clinical trials.
Assays measuring mycobacterial growth have been used in a
number of studies in recent decades, but have not proved easy
to implement at scale or in vaccine trial settings*°*.

The MGIA principle is based on the principle that host cells
will inhibit mycobacterial growth in cell culture ex vivo if an
effective, specific immune response is induced. Bacterial
numbers can be quantified using the BACTEC MGIT system,
which assesses bacterial growth automatically every hour.
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This system is based on fluorescence quenching by oxygen -
the silica gel at the bottom of the tube is non-fluorescent in
the presence of the oxygen-enriched mycobacterial growth
medium. Once fluorescence reaches a certain threshold as a
result of bacterial growth, the tube is registered as positive,
and the time to detection (TTD) is given. TTD is dependent
on the initial number of bacteria used to inoculate the MGIT
tube, and the relationship between initial bacterial numbers
and TTD can be determined by producing a standard curve.
The standard curve can then be used to convert TTD to
bacterial numbers (CFU; colony forming units’. In 2001,
Wallis et al. described a whole blood MGIA to measure the
bactericidal activity of anti-TB drugs. In a study of HIV-
negative volunteers receiving the standard 6 month treatment
for drug-sensitive pulmonary TB, the bactericidal activity
observed using MGIA, during treatment correlated with the
rate of decrease of sputum bacillary load during the first 4
weeks and was associated with time to conversion to sputum
negativity8. In 2013, the Wallis whole blood MGIA was
employed by Fletcher et al. alongside a PBMC-based
adaptation. Following primary BCG vaccination, PBMC
mediated significantly enhanced growth inhibition at both 4
and 8 weeks following vaccinationwere observed®. MGIA was
performed in a LTBI and helminth coinfected UK migrant
cohort for the first time to observe how these subjects can
control the growth of mycobacteria andwhether anthelmintic
treatment has any impact on the ability of the cells to control
mycobacterial growth effectively. Helminth infected patients
displayed poor growth inhibition in the MGIA which was
improved after anthelmintic treatment indicating this
immunomodulation might be helminth mediated?°.

However, this assay needs to be optimizedfor accuracy,
precision, reproducibility,specificity and linearity. Some
optimization of the assay has been done, for example- timing
of processing the sample, BCG inoculation time, use of
serum, antibiotics, BCG inoculum volume, BCG declumping
methods, individual variation, role of cells and cytokines etc.
Despite the numerous optimization experiments that have
been performed-there is still a majorconcern about the
reproducibility of this assay!112, The earlier use of a sub-



Ex vivo mycobacterial growth inhibition assay Anwar et al

optimal protocol may also have resulted in the inability to
detect vaccine-induced protection, for example following
BCG vaccination?3,

Developing biomarkers of protective immunity is difficult, in
the absence of a fully understanding the host response in TB.
Biomarkers of infection or of risk of progression to disease
could contribute to both the development of diagnostic assays
for TB and help to identify those at greater risk of progression,
thus enabling smaller and less costly vaccine trials. There is an
urgent need for biomarkers that can select the most promising
of these TB vaccine candidates for accelerated clinical
development. A rapid and immediate acceleration in
biomarker research is required in preparation for the screening
of large number of new entry TB vaccine candidates in the
next 5-10 years. Measuring what really matters, the ability to
kill or inhibit the growth of BCG or M. tuberculosis itself,
may help also to identify useful biomarkers.
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