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TB infection 
definition

from a 
pragmatic 

point of view
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Tuberculosis infection is 
defined as a state of persistent  

immune response to 
stimulation by M. tuberculosis 
antigens with  no evidence of 
clinically manifest TB disease 

(Getahun H,et al  N Engl J Med. 2015)
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Conceptual 
states of 
infection 
and disease 
of 
tuberculosis

Coussens AK 
et al, Lancet 
Respir Med, 
2024

TBI

Subclinical TB

TB disease



TB infection Incipient TB Sub clinical TB
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Uninfected

“TB infection”as having 
evidence of TB infection 

and no clinical, 
radiological or 

microbiological evidence 
of TB disease”

“Incipient TB” is an infection 
that is likely to progress to 
disease in the absence of 

further intervention but has 
not yet induced clinical 

symptoms or radiographic 
abnormalities and without 
microbiological detection. 

“Subclinical TB disease” is  a 
disease that does not cause clinical 

TB-related symptoms but causes 
other abnormalities that can be 

detected using existing radiologic 
or microbiologic assays.

“TB disease” as 
symptomatic disease 
with radiological or 

microbiological
evidence of TB

Migliori et al, Breath 2021
Goletti et al, IJID 2022

TB disease

Tuberculosis as a spectrum 



Natural history of tuberculosis

Modified from Pai et al, Nature Reviews, 2016

granuloma

Tuberculosis infection Tuberculosis disease

Cavity

5-10%



Worldwide 
TBI:  size 
of the 
problem TBI

¼ of the global population

2 billion
(WHO Global TB report 2022)

TB disease

10.6 million Around 10-20

fold difference

~100-200 million at risk to 
develop TB disease 



IGRAs and TST accuracy during 3 years’ follow-up with prespecified test thresholds in 
almost 10,000 participants who were at high risk for LTBI (close contacts of active TB        
cases or recent migrants) sequentially recruited from 54 centers in the United Kingdom

Gupta et al, AJRCCM, 2020



Positive Predictive Value according to                      
Sens/Spec for risk of progression

Petruccioli et al, ERJ 2016

E. Petruccioli  L. Petrone 

cumulative incidence: 2%
IPT effectiveness: 50% 



Number Needed to Test & Treat according to 
Sens/Spec for risk of progression

NNTT captures clinician/PH perspective  (If treating all test+, 
how many do I need to test and treat to prevent one case?)

cumulative incidence: 2%
IPT effectiveness: 50% 

Petruccioli et al, ERJ 2016

E. Petruccioli  L. Petrone 



Based on the guidelines, 
we offer TB preventive therapy to 
all individuals skin test+ or IGRA+

We offer TB therapy only to 
the individuals scored positive to 

the «new tests»

Skin test+ or IGRA+ TB progressors

1st screening                                                             2nd screening 



Research 
tests for the 
diagnosis of 
tuberculosis
infection

Alonzi T, 
Repele F, 
Goletti D. 
Expert Review 
of Molecular 
Diagnostics, 
2023

Figure made by 
F. Repele by 
Biorender

Host                                                                    M. tuberculosis 

Skin tests                                                Host transcripts                                  M. tuberculosis DNA
cell-associated or not cell-associated

IGRAs                                               Antibodies anti-M. tuberculosis             M. tuberculosis antigens
antigens                                           (proteins or peptides)

Immune cells

Cell characterization



Top 30 gene 
signatures of 
each of 
incipient, 
subclinical, 
and clinical 
TB

Tabone et al, J Exp 
Med 2021



Blood 
signature 
of gene 
expression 
changes in 
incipient, 
subclinical, 
and 
clinical TB. 

Tabone et al, 

J Exp Med 
2021



Cross-validation performance of the tuberculosis risk 16-gene 
signature in the ACS training set by days before tuberculosis 
diagnosis

Zak at al, Lancet, 2016



Positive Predictive Value according to                      
Sens/Spec for risk of progression

Petruccioli et al, ERJ 2016

E. Petruccioli  L. Petrone 

cumulative incidence: 2%
IPT effectiveness: 50% 



Number Needed to Test & Treat according to 
Sens/Spec for risk of progression

NNTT captures clinician/PH perspective  (If treating all test+, 
how many do I need to test and treat to prevent one case?)

cumulative incidence: 2%
IPT effectiveness: 50% 

Petruccioli et al, ERJ 2016

E. Petruccioli  L. Petrone 



Parsimonious signature prognostic performance for incident TB 
in people without HIV infection

Mendelsohn et al, Communication Medicine, 2022

The solid box depicts the optimal WHO criteria (90% sensitivity and 90% specificity)
and the dashed box depicts the minimal criteria (75% sensitivity and 75% specificity)
set out in the WHO Target Product Profile for an incipient test.



Effect of 
INH+RFP 
preventive 
therapy
on 
incident TB 
cases

Scriba et al, 
Lancet ID 
2021

Criteria of treatment adherence per protocol
Participants who did not meet                                            or met  



Non-sputum-based test for incipient TB 
and treatment monitoring

1.Cepheid 3 genes signature (Sweeny 
Lancet RM 2016)
• explored for:

• Screening test for subclinical and clinical TB

• Treatment monitoring & Risk of progression

2.Quantun DX 6 genes signature 
• explored for:

• Screening test for subclinical and clinical TB

• Treatment monitoring & Risk of progression

• Ability to predict cure at baseline

• Correlate with PET-CT

3. BioMerieux Filmarray pouch assay 
on Biofire platform

• 30 biomarkers panel (Berry et al Nature 2010)

• Developed as:
• Diagnostic for TB (sensitivity ⩰93%, specificity ⩰ 94%)

• Evaluated as predictor of cure



Research 
tests for the 
diagnosis of 
tuberculosis
infection

Alonzi T, 
Repele F, 
Goletti D. 
Expert Review 
of Molecular 
Diagnostics, 
2023

Figure made by 
F. Repele by 
Biorender

Host                                                                    M. tuberculosis 

Skin tests                                                Host transcripts                                  M. tuberculosis DNA
cell-associated or not cell-associated

IGRAs                                               Antibodies anti-M. tuberculosis             M. tuberculosis antigens
antigens                                           (proteins or peptides)

Immune cells

Cell characterization



(
Tornack et al, 
2017, PLOSOne

Hematopietic
stem cells are 
a depot for 
dormant 
M. 
tuberculosis



Detection of 
M. tuberculosis 
complex DNA in 
CD34-positive 
peripheral blood 
mononuclear cells 
of
asymptomatic 
tuberculosis 
contacts: an 
observational study

Belay et al, Lancet 
Microbiology, 2021

Positive: 22%    75%    12%    44%12%    44%

CD34-   CD34+ CD34-   CD34+



Detection of 
M. tuberculosis 
complex DNA
in CD34-
positive 
peripheral 
blood 
mononuclear 
cells of
asymptomatic 
tuberculosis 
contacts: an 
observational 
study

Belay et al, 
Lancet 
Microbiology, 
2021

33%                         2%                       93%                                 53%                                  

                                   
% Positive over total

CD34-                     CD34+

rpoB                                IS6110



Detection of 
Mycobacterium 
tuberculosis DNA 
in CD34+ 
peripheral blood 
mononuclear cells 
of 
adults with 
tuberculosis 
infection and 
disease

Repele and Alonzi et 
al, IJID 2024

IS6110

rpoB



Detection of 
Mycobacterium 
tuberculosis DNA 
in CD34+ 
peripheral blood 
mononuclear cells 
of 
adults with 
tuberculosis 
infection and 
disease

Repele and Alonzi et 
al, IJID 2024



Mtb
H37Rv 
replicat
es in 
primary 
human 
CD34+ 
cell 
cultures 

Delgobo 
et al. eLife 
2019

DOI: 
https://doi.
org/10.755
4/eLife.47
013

Human Cord Blood (CB) 
purified CD34+
cells from five different
donors were obtained 
from STEMCELL 
Technologies and 
resuspended in StemSpan
Expansion
Media – SFEM II 
(STEMCELL Technologies) .

Following 4 days of 
expansion, cells were 
washed and diluted in 
SFEM II media without 
cytokine cocktail to the 
desired concentration and 
then in vitro infected with 
Mtb H37Rv.



Research 
tests for the 
diagnosis of 
tuberculosis
infection

Alonzi T, 
Repele F, 
Goletti D. 
Expert Review 
of Molecular 
Diagnostics, 
2023

Figure made by 
F. Repele by 
Biorede

Host                                                                    M. tuberculosis 

Skin tests                                                Host transcripts                                  M. tuberculosis DNA
Cell associated or not cell associated

IGRAs                                               Antibodies anti-M. tuberculosis             M. tuberculosis antigens
antigens                                           (proteins or peptides)

Cell characterization



Verma et al, CID, 2020

A novel high sensitivity bacteriophage-based assay identifies 
low level M. tuberculosis bacteraemia in immunocompetent 
patients with active and incipient TB 



PET-CT-guided characterization of progressive, preclinical  tuberculosis infection 
and its association with low-level circulating M. tuberculosis DNA in household 
contacts in Leicester, UK: a prospective cohort study

Kim et al, Lancet Microbe, 2024



PET-CT-guided 
characterization 
of progressive, 
preclinical  
tuberculosis 
infection and its 
association with 
low-level 
circulating 
Mycobacterium 
tuberculosis DNA 
in household 
contacts in 
Leicester, UK: a 
prospective 
cohort study

Kim et al, 
Lancet 
Microbe, 
2024 



Incipient TB defined based on PET-CT 

Incipient TB was defined by PET-CT activity as:

❑ microbiological detection of M. tuberculosis (in culture or WITH XPERT-
ULTRA) from sampling at sites of PET-CT activity or 

❑ evidence of progressive metabolic/structural change on serial PET-CT 



TB infection Incipient TB Sub clinical TB

.
. ..
.

.

. . .
... ..

Uninfected

“TB infection”as having 
evidence of TB infection 

and no clinical, 
radiological or 

microbiological evidence 
of active TB disease”

“Incipient TB” is an infection 
that is likely to progress to  
disease in the absence of 

further intervention but has 
not yet induced clinical 

symptoms or radiographic 
abnormalities or Mtb

isolation 

“Subclinical TB disease” is  a 
disease that does not cause clinical 

TB-related symptoms but causes 
other abnormalities that can be 

detected using existing radiologic 
or microbiologic assays.

“TB disease” as 
symptomatic disease 
with radiological or 

microbiological
evidence of TB

Migliori et al, Breath 2021
Goletti et al, IJID 2022

TB disease

Tuberculosis as a spectrum 



M. 
tuberculosis 
infection 
and local 
and blood 
responses

Goletti D, in 
preparation

Contact                                  Generation of                                  Infection and
                                                        infectious particles                     disease progression 

Environment

M. tuberculosis in:

Local tissues

Blood circulation



What is the meaning of CD34+ cells Mtb-DNA+

in the blood of a TBI person?

CD34+ cells 
go to peripheral blood

Bone marrow 

CD34+ cells in the blood of a TBI person:

1. Reservoir of M. tuberculosis?

2. Will these cells go to the tissues and infect other resident cells, as alveolar macrophages?

3. Do these cells associate with TB disease development?
4. ?

Monocytes/lymphocytes ratio:

 >1 in TB disease  and recent contacts



Blood tests
Host-based M. tuberculosis-based

Host signatures Actiphage Mtb-DNA in

 CD34+ cells
Accuracy to predict TB 

disease

Up to 90% sensitivity and 

specificity

To define:

Only 2 small studies are available

To define:

No  studies available

Time to repeat the test To define: every 3 months? To define To define

Is the test accurate in those 

with HIV infection?

No To define To define

Time to have the result Few days Few days Few days

If scored positive: preventive 

treatment or full therapy? To define To define To define:

Can the pathogen-based test  

be used to evaluate drug 

resistance?
- Yes Yes 



Combined tests 

Host-based tests with:

❑ Pathogen-based tests

❑ IGRA



Resistance to infection/

Cleared infection

Incipient TB TB infection

Host biomarkers 

signature
- + -

Mtb-DNA - + +/-

PET CT scan
-

+ -

IGRA - + +



Future directions for the blood tests 
detecting M. tuberculosis DNA
❑ To validate the test in larger cohorts

❑ To substantiate the association with TB development in TBI evaluating:

❑ cell activation status

❑ co-morbidities

❑…



Based on the guidelines, 
we offer TB preventive therapy to 
all individuals skin test+ or IGRA+

We offer TB therapy only to 
the individuals scored positive to 

the «new tests»

Skin test+ or IGRA+ TB progressors

1st screening                                                             2nd screening 
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