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Abstract

The lack of rapid, sensitive, and deployable tuberculosis diagnostic tools is hampering the early diagnosis of tuberculosis and
early detection of treatment failures. The conventional sputum smear microscopy or Xpert MTB/RIF assay cannot distinguish
between alive and dead bacilli and the culture method delays providing results. Tuberculosis molecular bacterial load assay
is a reverse transcriptase real-time quantitative polymerase chain reaction that quantifies viable tuberculosis bacillary load as
a marker of treatment response for patients on anti-tuberculosis therapy. However, results are not synthesized enough to
inform its comparative advantage to tuberculosis culture technique which is yet the gold standard of care. With this review,
we searched electronic databases, including PubMed, Embase, and Web of Science, from March 201 | up to February 2021
for clinical trials or prospective cohort studies that compared tuberculosis molecular bacterial load assay with tuberculosis
culture in adults. We included eight studies that meet the inclusion criteria. Tuberculosis molecular bacterial load assay
surpasses culture in monitoring patients with tuberculosis during the first few weeks of anti-tuberculosis treatment. It is
more desirable over culture for its shorter time to results, almost zero rates of contamination, need for less expertise
on the method, early rate of decline, lower running cost, and reproducibility. Its rapid and specific tuberculosis treatment
monitoring competency benefits patients and healthcare providers to monitor changes of bacillary load among isolates
with drug-susceptible or resistance to anti-tuberculosis regimens. Despite of the high installing cost of the tuberculosis
molecular bacterial load assay method, molecular expertise, and a well-equipped laboratory, tuberculosis molecular bacterial
load assay is a cost-effective method with comparison to culture in operational running. To achieve maximum utility in
high tuberculosis burden settings, an intensive initial investment in nucleic acid extraction and polymerase chain reaction
equipment, training in procedures, and streamlining laboratory supply procurement systems are crucial. More evidence is
needed to demonstrate the potential large-scale and sustainable use of tuberculosis molecular bacterial load assay over
culture in resource-constrained settings.
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Introduction

Tuberculosis (TB) remains a worldwide threatening and one
of the top 10 causes of death, with an estimated 10million
people fell ill with TB annually. The lack of rapid, sensitive,
and deployable TB diagnostic tools is hampering the early
diagnosis of the disease and early detection of treatment fail-
ures. The accuracy of diagnostic tests and the time taken to
provide results were proven to impact TB treatment out-
comes.!™ As a result, novel diagnostic tools for monitoring
treatment response and early identifying treatment failure
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Table I. Glossary of research terms in the review.

Glossary Description

Biomarker
Treatment completed
Predictive biomarkers
Bacterial loads

A measurable characteristic of the organism state during treatment'®
Treatment completed as recommended by the national policy®

Biomarkers which allow the prediction of the treatment outcome
A measure of M. tb in original sputum samples and quantified as estimated colony-forming

10

unit in | mL of sputum sample (eCFU/mL)'8"

Xpert MTB/RIF

Molecular method for diagnosis of TB and can provide resistance strain on rifampicin

14,15

TB: tuberculosis.

are desperately needed.>’ Methods of monitoring response
to anti-TB treatment would be desirable during treatment
especially in identifying cases failing therapy and those at
risk of relapse. There is difficulty in TB treatment, regardless
of the type of TB, drug-susceptible or drug-resistant, as the
treatments require 6—12months or more time, with four or
more drug-combination to provide the desired outcome.

A reduction in bacterial load is the most vital currently
available marker for TB treatment response.® For different
disease conditions, pharmacodynamic biomarkers are objec-
tively measured and assessed as a sign of pharmacologic
responses to therapeutic interventions.” TB biomarkers can
either be in a two-dimensional matrix, according to the clini-
cal outcome (failure vs relapse) and level of surrogacy
(patient vs trial),'®!! while other promising TB biomarkers
are emerging. Such biomarkers, including time-to-positivity
(TTP), sputum culture conversion, smear conversion, thera-
peutic drug monitoring (TDM), pharmacokinetics (PK),
minimum inhibitory concentration (MIC), and whole blood
bactericidal assay (WBA) could facilitate the development
of alternative treatment strategies.

So far, no specific molecular method has been superiorly
recommended as a biomarker for monitoring TB treatment
response, necessitating the continued use of phenotypic
methods.'>!* The conventional sputum smear microscopy or
Xpert MTB/RIF assay cannot distinguish between alive and
dead bacilli and the culture method delays providing results.
Sputum smear microscopy as one of the phenotypic methods
remains the most commonly used test for diagnosis and
monitoring of treatment, despite being less sensitive and
non-specific for Mycobacterium tuberculosis (M. tb), while
mycobacterial culture, being identified and applied as the
gold standard for TB diagnosis, has the disadvantage of pro-
viding results after a substantial period (3—4 weeks).!*!”

The tuberculosis molecular bacterial load assay (TB-
MBLA) is a reverse transcriptase quantitative real-time poly-
merase chain reaction (RT-qPCR) of 16S rRNA detection test
that quantifies TB bacillary load and is used as a marker of
treatment response for patients on anti-TB therapy.'® The
assay is rapid, free of contamination, and can inform the elim-
ination rate of M. tb during treatment.®!'3!° Comparing to cul-
ture principles, which usually involves culturing mycobacteria
species on either solid-based Lowenstein—Jensen medium
(LJ) or liquid mycobacterial growth indicator tube (MGIT), it

yields timely results.?’ However, results are not synthesized
enough to inform its comparative advantage to the conven-
tional culture methods for monitoring response to anti-TB
treatment, including failures to anti-TB treatment.

We aimed to contemplate the potential of TB-MBLA over
solid and liquid culture as biomarkers for monitoring treat-
ment response. And in this review, we searched electronic
databases, including PubMed, Embase, and Web of Science,
from March 2010 up to February 2021 for clinical trials or
prospective cohort studies that compared TB-MBLA with
TB culture in adults. The search included a combination of
the terms, “Tuberculosis,” “biomarkers,” “molecular bacte-
rial load assay,” “outcome,” “treatment monitoring,” “cul-
ture,” “sputum smear microscopy”’ and “tuberculosis
molecular methods.” We also manually searched the refer-
ences of the included studies. Table 1 summarizes the glos-
sary of research terms that we considered in the review.

EERNT3

Results

With this review, we found eight eligible clinical trial and
prospective cohort studies that compared TB-MBLA with
liquid or solid TB culture as a biomarker for monitoring
treatment of patients with TB. Figure 1 summarizes the flow
diagram of the study.

Table 2 summarizes the overall characteristics of the eight
studies selected for the review and their major findings.

Table 3 summarizes the technical and operational pros
and cons of TB-MBLA versus TB culture based on the evi-
dence compiled from the studies included in the review.

Discussion

TB-MBLA is among new technological advances in diag-
nostics and there are many opportunities for TB-MBLA to
function preferably as a biomarker for monitoring TB treat-
ment response. The TB-MBLA functions are based on 16S
rRNA and the RT-qPCR technology, with the potential to
quickly quantify viable bacilli and detect potential failures in
anti-TB treatment in contrast to DNA-based techniques like
Xpert MTB/RIF which is also a quick method of identifying
bacilli that do not offer information on viable bacterial
load.!> TB-MBLA is capable of detecting a 16S rRNA of
dormant and replicating TB cells while continuously
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20  publications  retrieved  through
electronic databases search, including
PubMed, Embase, and Web of Science
5 studies removed due to
duplication.
15 articles screened by their tittle and
abstract.
4 excluded, do not meet inclusion criteria
(including systematic reviews, reports,
protocols)
11 of full text articles assessed for
cligibility.
—— | 3 Of full text excluded due to lack of
relevant information for the particular
review(contain only abstract )
8 of studies included in the review.
Figure I. Study flow diagram.
Table 2. Characteristics of included studies (n=8).
Characteristics Description of preferred methods Studies
Shorter time to results TB-MBILA gives rapid bacillary load count and takes a short time to results, turnaround time for 821,22
TB-MBILA is early as within 2days compared to 2-8 weeks of Culture
Rate of contamination TB-MBLA is not affected by contamination and does not need a decontamination process when 18,19,22,23
conducting while culture has about 10% rate of contamination
Need for less expertise Culture is more preferable while TB-MBLA needs training on how to perform the test, comparing 224
on the method to a culture where it learned from normal formal skills.
Early rate of decline TB-MBLA shows precise evidence on the decline of bacterial load in response to antimicrobial 18,24-26
treatment
Lower running cost TB-MBLA is a preferred cost-effective method in terms of cost reduction in TB trials by 227
speeding up drug development considering having higher utility for making clinical decisions
with comparison to culture operational cost as it uses high-level biosafety containment
laboratories despite both using Biosafety Laboratory level 3
218

Reproducibility

Sensitivity

TB-MBLA shows the degree of agreement when the experiment is repeated in different
laboratory settings
TB-MBLA is more sensitive than culture in picking bacilli, even small bacilli amount

TB-MBLA: tuberculosis molecular bacterial load assay.

measuring and quantifying bacterial load in the sputum of a
patient. TB-MBLA process in a protocol has a three-step
consisting of (1) extraction of total RNA, (2) enzymatic
genomic DNA removal, and (3) RT-qPCR where cycle
threshold is transformed to bacterial load.?*?*® When myco-
bacterial cells are killed by anti-TB drugs, there is a decrease
in rRNA amount and thus easily estimates the number of
viable cells in a patient’s sputum sample. A decline in rRNA

has been defined as a surrogate biomarker of microbial via-
bility and bactericidal activity for anti-TB regimen, due to a
cellular abundance of 16S rRNA and half-life being shorter
than that of DNA. This 16S rRNA measurement has been
used in the quantification of bacterial load.

TB-MBLA surpasses and has clinical importance over
culture in monitoring patients with TB during the first few
weeks of anti-TB treatment. It is more desirable over the
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Table 3. Summarizing technical and operational pros and cons of TB-MBLA versus culture.

Pros Cons Reference
Technically Culture: available and used in clinical settings TB-MBLA: mostly used in clinical trial 819
compared to TB-MBLA with regular formal settings, and it requires more expertise
skills with training to conduct the test.
19,22,23,26,27

Operationally TB-MBLA: rapidly quantifies viable M. tb,
reproducible and may be appropriate in

treatment monitoring and drug efficacy

Culture: methods are time-exhausting and
usually have a risk of contamination
TB-MBLA: has a higher operational cost

TB-MBLA: tuberculosis molecular bacterial load assay.

culture for its shorter time to results, and it has been reported
to have a superior advantage that regardless of bacterial load
present in sputum, one can obtain results within 24h after
sputum expectoration.® Solid or liquid TB culture methods
are time-consuming and are susceptible to contaminations
that compromise their potential use for monitoring ant-TB
treatment. The currently available culture-based methods
require a delayed turnaround time of laboratory results for
low-burden samples compared to TB-MBLA that rapidly
give M. tb load count in a consistent pattern as shown in a
model presented by Svensson et.al.??

In the first week and the first month of treatment,
TB-MBLA has demonstrated zero rates of contamination,
early and rapid rate of decline of M. b bacilli, and suitable
outcomes to adjust the anti-TB regimen.?"** Reproducibility
factors of the TB-MBLA test make it robust and thus appli-
cable in different laboratory settings.®'® While solid or liquid
TB culture methods remain time-consuming and susceptible
to contaminations that compromise their potential use for
monitoring ant-TB treatment, TB-MBLA has a unique
potential to monitor changes in bacterial load and response
to TB therapy, with the ability to show the early rate of
decline of the viable M. tb count in low-burden samples.?*?
In response to therapy, TB-MBLA can rapidly give M. th
load count in a consistent pattern when compared to the cul-
ture which takes a prolonged time to provide results.

Studies demonstrated that TB-MBLA can deliver data on
the number of viable bacteria as little as 4h, and this can be
used to evaluate disease severity at the initial anti-TB treat-
ment. It yields reproducibility and robustness with regard to
bacilli quantification, which would be of great help in meas-
uring response to treatment continuously. Culture with drug
susceptibility testing is considered the gold standard of care
for the diagnosis of TB and its drug-resistance strains; how-
ever, it is time-taking, less precise, and is exposed to missing
data that hinder its potential use for monitoring treatment as
compared to TB-MBLA.

Recently, the World Health Organization (WHO) attests
to the potential use of TB-MBLA for monitoring ant-TB
treatment response and its potential substituting culture
that has suffered from some practical limitations.?
However, TB-MBLA is yet mostly applied in research set-
tings because its implementation needs more training and
availability and of some important equipment with needs of

intensive investments for maximum implementation in
resource-constrained high-burden countries. TB-MBLA is
still under evaluation in some high-burden countries and
the results need to be synthesized with existing literature to
provide broader evidence that can be done in normal clini-
cal areas since most of these studies in this review have
been done under clinical trial settings.

Limitations

There are some limitations to this review. Most of the
included studies have been done in Eastern Africa, providing
a few such studies comparing TB-MBLA against culture.
This was mainly because there were a few studies conducted
on this particular subject. Despite this, available studies are
sourced and discussed utmost with included reviews.

Conclusion

TB-MBLA surpasses culture in monitoring patients with TB
during the first few weeks of anti-TB treatment. It is more
desirable over the culture for its shorter time to results by
providing early information on the rate of decline in bacterial
load. TB-MBLA still requires molecular expertise and a
well-equipped laboratory to perform. To achieve maximum
utility in high TB burden settings, an intensive initial invest-
ment in nucleic acid extraction and PCR equipment, training
in procedures, and streamlining laboratory supply procure-
ment system are crucial. More evidence is needed to demon-
strate the potential large-scale and sustainable use of
TB-MBLA over culture in resource-constrained settings.
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