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Table 1 TB Biomarkers: ideal performance characteristics

Ideal markers

Validity Indicating or predicting pathological process

accurately and precisely

Convenience Quick and easy to perform on site

No harm Harmless to human body
Low-cost Cost effective and high throughput
Emergence
of MDR-TB
Treatment (Tx)
. Active | | Start > End
{Infectlon TB {of Tx. 9

Transmission? Default? ][_/;dlure? ]

Identification Choosing Monitorine Tx
of highrisk | individualized g
course

group regimen
Biomarkers’ role

Fig. 1 Problems involved in TB development and treatment
—roles of biomarkers
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Relapse?

Evaluation of
Tx outcome
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Table 2 Approaches to biomarkers for infectious diseases

Targeting

Note

Known microbiological markers
Known host markers

Components of pathogens, their metabolites, and so on.
Immune, metabolic or inflammatory molecules produced

in response to pathogens

Based on transcriptomics, proteomics or other “omics”
information

Unknown markers established by using
advanced platforms
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Table 3 Clinical specimens to be used for biomarkers

Clinical specimens

Characteristics

Sputum and saliva

Non-invasive

Direct measure
Induced sputum may be used
Pretreatment is necessary for measurement

Urine

Non-invasive

Easy to repeat measurement
Sterilization may be necessary to kill other bacteria

Whole blood, serum and plasma

Cerebrospinal fluid, pleural and
pericardial effusions

Bronchoalveolar lavage fluid

General marker

Not routinely done
Not easy to set up normal values

Not routinely done

Not easy to repeat measurement

Breath condensate

Non-invasive

Equipment is necessary to collect samples

Table 4 Classical markers for TB treatment response

Candidate marker in the early stage Outcome

Study design

Study size (outcome) Reference

Microbiological markers

Month 2 sputum culture Failure/relapse P, two-arm trial 502 vs 502 (46 vs 28) Benator et al. 2002
conversion
Time to culture detection-TTD Recurrence P, cohort HIV— 263 (22) Hesseling et al. 2010
(relapse)
Clinical indicators
Chest x-ray : cavitation, Bilateral Failure/relapse P, two-arm trial 502 vs 502 (46 vs 28) Benator et al. 2002

infiltrates
Chest x-ray : residual scarring
Being underweight (<90% of
ideal body weight)

Recurrence
Failure/relapse

R, cohort HIV—/+
P, two-arm trial

984—305+ (46—37+)
502 vs 502 (46 vs 28)

Mallory et al. 2000
Benator et al. 2002

*Abbreviations : R, retrospective; P, prospective

Table 5 Pathogen-specific markers for TB treatment response

Sample size

Candidate biomarker* Outcome Study design Reference
(outcome)

Sputum Ag 85B mRNA Treatment response, P, cohort 18 (1) Desjardin et al. 1999
Relapse

Sputum Ag 85 Sputum conversion, P, cohort 40 (2) Wallis et al. 1998
Failure, Relapse

13Urine Mtb DNA Treatment response P, cohort 20 Cannas et al. 2008

Antibodies against ESAT-6 and Treatment response Case/control 168/168 Azzurri et al. 2006

38 kDa Ag
Antibodies against AlaDH and MS ~ Failure P, cohort 158 (10) Azzurri et al. 2006

*Antibodies against pathogens are included.
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Table 6 Non-specific host immune activation markers
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Sample size

Candidate biomarker Outcome Study design Reference
(outcome)
SICAM-1 Severity of disease Case/ control ~ 30/10 Demir et al. 2002
Severity of disease Case/ control 31/11 Mukae et al. 2003
sIL-2R Treatment course Case/control 44/41 Chan et al. 1995
P, cohort
STNF-R1 Sputum conversion Case/control 36(18)/16 Brahmbhatt et al. 2006
P, cohort
CD3dim/CD56 + NKT cells Treatment response Case/control 21(8)/14 Veenstra et al. 2006
P, cohort
Sputum IFN-y Treatment response  Case/control 15/10 Ribeiro-Rodrigues et al. 2002

Table 7 Non-specific host inflammatory markers

Sample size

Candidate biomarker Outcome Study design Reference
(outcome)
C-reactive protein Extent of disease P, cohort 74 Plit et al. 1998
suPAR Death Case/ control 84 + 35+ 63 (23)/64 Eugen-Olsen et al. 2002
Neopterin Treatment course, Case/control 39/11 Immanuel et al. 2001
relapse P, cohort
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Genetics
(GWAS) Epigenetics
Transcriptomics Proteomics Metabolomics

Transcription & Processing Translation Enzymatic activity

Metabolite

Transcriptional Translational

control control

Post-translational

control Post-translational modification
(alternative splicing, (phosphorylation, glycosylation,
RNA editing etc.) degradation and so on)

Fig. 2 Advanced technological platforms for biomarkers
— "fishing” rather than targeted search

Six-month 3 The subsequent
therapy 18—24 months

At least Assuming a recurrence Estimating the number
500—1,000 rate of 5%, though a of relapsed patients
patients true relapse rate may as 20—40

be even lower.

*clinical and microbiological *treatment and follow-up
characterization including drug adherence
susceptibility, concurrent illness
and HIV status

Funding, Logistics, Field and Facilities

Fig.3 Obstacles in biomarker discovery
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BIOMARKERS TO ASSESS DIFFERENT ASPECTS OF TUBERCULOSIS

— From Development to Relapse—

Naoto KEICHO

Abstract Prevalence of tuberculosis (TB) has been decreased
in Japan, whereas rapid increases in multi-drug resistance TB
and HIV co-infection have raised serious problems in develop-
ing countries. To solve these problems, development of strong
anti-TB vaccine, simple low-cost tools for diagnosis with drug
sensitivity testing and new powerful anti-TB drugs is in urgent
need. To evaluate new weapons against TB properly, appropri-
ate biomarkers to assess the presence and severity of disease,
response to treatment and prediction of relapse should be
established. In case of TB, no relapse within two years after
treatment is a gold standard to evaluate treatment outcome, but
if we have a surrogate biomarker to predict relapse more
quickly and accurately, clinical trials for TB drugs will be

facilitated. A candidate TB vaccine may also be evaluated in a

similar way. It may be further useful for individualized
medicine to determine optimal dose and duration of TB
treatment for each patient. I will review the current situation
of biomarker studies and a new trend for development of
biomarkers based on platforms of “omics” technology.
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