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Battling
Tuberculosis
whilst Maintaining
the Respiratory
Microbiome

In the world of respiratory health, treating
tuberculosis infections is an ongoing
challenge. Dr Wilber Sabiiti from the University
of St Andrews in the UK, delves into the impact
of various tuberculosis treatments on the
intricate community of microorganisms
residing in the respiratory tract. He explores

the impact of seven different treatment

regimens and their effects on the microbiome,

which is crucial for maintaining respiratory

health and well-being.
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Tackling aKiller Infection

Tuberculosis (TB) is an infectious disease primarily impacting the
lungs, caused by the bacteria, Mycobacterium tuberculosis. It is
transmitted through the air when individuals with the infection
cough or sneeze. Fortunately, TB can be cured with a cocktail of
antibiotics — but without treatment, it can be fatal. According to
the World Health Organization (WHO), in 2022, 1.3 million people
sadly succumbed to the infection. WHO highlights that TB is

the second leading killer infection after COVID-19, and ending
the TB pandemic is amongst the targets of the United Nations
Sustainable Development Goals.

One significant issue with TB is the development of multidrug-
resistant strains of the bacteria, where our current antibiotics are
no longer effective in treating the infection. WHO describes this
as a public health crisis and health security threat. Research into
novel antibiotic combinations is ongoing, but unfortunately, these
treatments also impact the ‘good’ bacteria that reside in the
respiratory tract, which could have critical health consequences
further down the line.

Dr Wilber Sabiiti carries out his research in the Division of Infection
and Global Health at the School of Medicine in the University of St
Andrews, where he investigates new antibiotic combinations and

their impact on the respiratory microbiome as well as TB infection.

The Respiratory Microbiome

The respiratory microbiota (the different microorganisms

found in the airways) act as a defender of respiratory health by
influencing the body’s immune system and providing resistance
to harmful microbes that might try to colonise the respiratory
tract. Imbalances in the microbiome (the community of
microorganisms), known ds dysbiosis, can occur due to various
diseases and antibiotic use.

Dr Sabiiti explains that the lungs are a non-sterile environment,
even for people in good health. The typical diversity in the
microbiota of the human lung differs in abundance and
prevalence among individuals. Factors such as age, diet, and
disease contribute to variations in the microbiome. Conditions like
lung cancer and TB are linked to alterations in the microbiome,
marked by shifts in certain microbial groups. He adds that a
standard first-line treatment for T8, HRZE (o combination of the
antibiotics isoniazid, rifampicin, pyrazinamide, and ethambutol) for
2 months followed by 4 months of isoniazid and rifampicin does
not seem to affect the overall microbiome diversity but certainly
leads to a decrease in the numbers of some immunologically
important ‘good’ bacteria.

Dr Sabiiti highlights that this effect on the microbiome could have
long-term consequences on the patient’s health. He adds that
using shorter courses of antibiotics would lessen the length of
time the microbiome is exposed, therefore helping to minimise the
damage. As such, TB research is starting to focus on developing
new short-term antibiotic regimens.

Exploring Treatment Regimens

In order to gain a deeper understanding of the impact of antibiotic
combinations on the respiratory microbiome, Dr Sabiiti and

his colleagues investigated seven anti-tuberculosis treatment
regimens. He explains that they analysed the sputum of the
patients to find out about their microbiome. The team analysed
the sputum microbiome of patients with TB who had been treated
with six experimental regimens and compared them against that
of patients who received standard treatments as part of two
clinical trials: HIGHRIF study 2 and PaNACEA MAMS-TB triall.



Dr Sabiiti says the experimental antibiotic regimens consisted of
different combinations of rifampicin (R) isoniazid (H) pyrazinamide
(Z)‘ ethambutol (E) moxifloxacin (M) and a new drug, SQ109 (Q) He
adds that they used genetic material (RNA) found in the sputum
and a particular method called the lllumina metagenomics
technique to identify the genomes and, in turn, the microbes
present in the samples. This was followed by further analysis

to uncover the differences in the microbiomes, pre and post-
treatment with each regimen.

Sparing the Microbiota

Dr Sabiiti explains that 397 pre- and post-treatment sputum
samples were taken from seven treatment regimes in total.

The team reported that pre-treatment microbiomes were
dominated by the bacterial groups, Firmicutes and Streptococcus.
Dr Sabiiti highlights that two regimens (HRQOmg,ngM and HRggmg
ngE), in particular, showed a significant depressing effect on

the microbiome following two weeks of treatment. He adds that
certain types of bacteria, gram-negative bacteria, were the most
sensitive to the killing effects of the antibiotics, with the highest
number of species suppressed being in the regimen containing
the antibiotic known as moxifloxacin.

The team also found that by the twelfth week after treatment was
started, the microbiomes had returned to the pre-treatment levels
apart from one regimen (HR35mg,ngE), and for the Mycobacterium
species which did not recover in any regimen used (this was
bacteria the treatments were targeting). Dr Sabiiti and his
colleagues concluded that out of all the combinations they
reviewed, the HRyomgioZM regimen was effective in treating T8 but
without limiting the recovery of the microbiome.
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He says these data imply that a shorter antibiotic regimen with
better outcomes could be achieved without harming the ‘good’
bacteria, the microbiota.

The Future of the Microbiome

Dr Sabiiti notes that whilst the microbiome can recover after
exposure to antibiotics, the speed of recovery varies with different
treatment plans. Broad-spectrum antibiotics (targeting a wide
range of different bacteria) have a significant negative impact on
the microbial community, but adjusting the dosage can minimise
this effect. He stresses that it is essential to include microbiome
analysis when evaluating and approving new antibiotics or
treatment combinations.

Their report highlighted that future research, incorporating a large
sample size and examining long-term clinical outcomes, is critical
to establishing microbiome analysis as a parameter for drug
safety in clinical trials. Further exploration is required to determine
whether microbiome recovery during antibiotic treatment is due
to replenishment from the diet, for example, and not due to the
development of antibiotic-resistant genes.

Dr Sabiiti also explains their research has highlighted the
importance of utilising RNA instead of DNA to examine the
microbiome and its response to antibiotic treatment. RNA reflects
cell viability, so it is essential for studying the impact of antibiotics
on the microbiota. He adds that these insights enhance our
understanding of how novel anti-tuberculosis treatments influence
the microbiome, opening up the door for the development of new
and improved regimens.

The typical diversity in the
microbiota of the human lung
differs in abundance and
prevalence among individuals.
Factors such as age, diet, and
disease contribute to variations
in the microbiome.
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