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* Improved diagnostics for tuberculosis — more rapid testing

* Measurement of drug treatment efficacy

* Clinical trials of new drugs or regimens 4 .
e Shortened treatment 7
* Anti-microbial resistance
* LatentTB treatment

* Stratified medicine

* Stratification in vaccine trials
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a The test set (UK)

Study group

b The validation set (South Africa)
54 Partnmpants

Study group i

e #

Latent individuals cluster c
54 Participants with active TB
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Identified a 393-gene
signature, which
discriminates Active TB
from health

Can assign individuals to
groups

Berry, O'Garra et al, Nature 2010



27 active TB cases recruited at Stellenbosch University, Cape Town,

successfully cured by conventional treatment

Average changes in gene expression over 6 months

Average normalized

hybridization intensity

Diagnosis Week 1

Cliff et al, 2013, J Infect Dis

Week 2

Week 4

Week 26

Individual changes over 15t week

diagnosis after 1 week of treatment
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Cured Relapse
0 2 4 0 2 4 Weks

Log, normalised hybridisation intensity
-2 b 2

Cliff et al, 2016, J Infect Dis

Patients recruited at diagnosis of first episode of TB,
then followed up to see who subsequently relapsed

Diluted whole blood, stimulated with M. tuberculosis
for 6 days

10 Patients who remained Cured for 2 years follow-up
10 Patients who suffered TB-relapse within 2 years

668 genes consistently differentially expressed
between relapse and cured patients in ANOVA



BFRelapse
Cured

Prediction of relapse can be achieved with

668 genes in most individual patients 100

An 18 gene signature, based on the most

stringently differentially expressed genes 2
in ANOVA, has high predictive sensitivity
and specificity - StnalR G T osat P0.0001
e SignatureuL_El:_[‘J in Cureg:
A = 0.9356 P<0.0001
Largely due to excessive cytolytic response o = o

in Relapse patients AORRR =S R
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Modular analysis has shown that
most datasets contain common
signatures

But most studies only include
uncomplicated pulmonary TB cases

Blankley, O'Garra et al 2016
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Detection of Tuberculosis in HIV-Infected and
-Uninfected African Adults Using Whole Blood RNA
Expression Signatures: A Case-Control Study
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SA / Malawi HIV+/-test cohort

180

160

140

Validation dataset

Disease riskscore

Case-control cohorts in South Africa and Malawi
584 patients with
culture-confirmed TB
or otherdisease, TB considered (OD)
or LTBI

“Kaforou signatures” — 44-gene (TB vs LTBI) or 27-gene (TB vs OD)

Diseaseriskscore

TBvs. LTBI

B

B

Sensitivity

1- Specificity

Sensitivity

1- Specificity




Blood transcriptomes can distinguish TB from healthy controls and from
people with other diseases, and give early indication of disease

These signatures can also be used to monitor TB treatment-response, and
with stimulation, potentially to predict TB-relapse

People are developing diagnostic tools based on large or small signatures

To really be useful, transcriptomic signatures need to be tested and
developed in complex conditions



People with type 2 diabetes
have a 3-fold increased risk of
developing active TB once
infected

Recent evidence — more likely
to become infected

More likely to suffer poor TB
treatment outcomes,

including death, relapse and
treatment failure .

1| International
,{-‘1]1 | Diabetes
Fuks

2/ Federation

WORLD

592

million
people living
with diabetes

WORLD

387

million

Africa #93%
Middle Eastand North Africa X 85%

South East Asia #64%

South and Central Amernca » 55%

Westem Pacific X46%

Europe #33%
North America and Caribbean # 30%

2035
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University of Medicine and
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Romania
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Universidad Peruana — i
Cayetano Heredia ‘ \3!{ 9

Stellenbosch University, y
South Africa




"complex design”

TBonly | DM DM-TB |IH-TB Healthy
only controls
South 11 33 15 20 24
Africa
Indonesia | 14 - 19 5 -
Romania 10 19 15 10 12
Peru 11 - 12 9 -
TOTAL 46 52 61 YA 36
Clare Eckold

Cisca Wijmenga, Vinod Kumar,
University of Groningen Medical Centre

AlITB patients were microbiologically
confirmed pulmonary TB patients

Exclusions: HIV+, other serious co-morbidity,
corticosteroid treatment

Samples collected prior to TB treatment
commenced

Age, gender, ethnicity not different

Ex vivo blood samples collected into PAXgene
tubes

Analysed by RNA-Seq



Normal glycaemia:
— HbA1c < 5.7%
— Fasting Plasma Glucose < 10omg/d|

Diabetes:
— HbA1c = 6.5%
— FPG 2126 mg/dI

“Intermediate Hyperglycaemia”

— |In between



TB is associated with a pro-inflammatory condition, upregulation of myeloid
inflammatory genes

T2DM is also associated with increased inflammation

Hypothesis — people with T2DM —TB would have an exacerbated pro-inflammatory
phenotype, which may cause excessive pathology relative to bacterial clearance
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DMTB_v_HC

3 2 44 0 1 2 3

DM_v_HC

The genes differentially expressed
in DM are different to those
differentially expressed in TB

The TB signature is dominant and
amplified in DM



PC1: 34% variance

The patients with DM-TB
or IH-TB group together,
distinctly from patients
with only TB
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Statistical Significance

Down

0.0
log2FoldChange

0.5

<

Expression change

0.0
log2FoldChange

0.5

, Up

Samples from Romania,
Indonesia, Peru and South
Africa

All relative to TB-only



Inside: IHTB; outside DMTB

s 34 %
[} a T 2
> rg=98%

Across all four
populations, there was a
decreased interferon
signature in diabetes-
related TB

The inflammation-related
modules were further
enhanced

“TB signature” has
become uncoupled



Sensitivity

ROC

Kaforou on DM, AUC=0.88 (95% CI=0.82-0.94)

Kaforou on no DM, AUC=0.96

(95% CI=0.93-1.00)

\ I I
0.8 0.6 0.4

Specificity

0.

2

0.

0

The Kaforou TB signature
performed well on the TANDEM
samples from TB-only patients,
for TB classification

But it did not perform so well on
the DMTB patients



Mitric oxide
=i

Reduction of
inflammation

Inflammation
Pemmissive environment
Bacterial growth

Frem Orm=, Pohbinzon

Macrophage necrosis and G par . Nature
increases bactanal growth Immunalegy 2015



To summarise, we can develop gene expression based algorithms to be used as
diagnostic tools for TB and to measure TB treatment-response

But these need to take into account other factors and morbidities, such as
diabetes
HIV
other co-infection — e.g. helminths
Age?
greater genetic variability
Impact of medications

Can this methodology be employed for monitoring latent infection and treatment
efficacy?
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