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Clinical relevance Immunology & Endotypes

• TB diagnosis

• TB “in-treatment” outcomes

• Post-TB Cardiovascular Disease (3x ↑risk)

• Post-TB Cancer (~2x ↑risk)

• Post TB lung morbidity (15-80% of TB patients suffer)



So how do we solve the problem? 

What is the singular immune modulation we 
can do to improve long-term TB outcomes? 



Summary

• There is no single immune correlate of protection
→multiple TB endotypes

• Pathology can be driven by:
1.  Pathogen induced pathology

2. Immune induced pathology (inflammation)

3. Anergy (immune suppressed) induced pathology



The Virchow- Koch skirmish



NEJM 1891

1891: 
Early HDT failure



NEJM 1891

Tuberculin: induced IRIS

 

No one-sized fits all approach

 

1891 lessons: 
1. Tubercululin 

induced 
pathologic IRIS

2. One size doesn’t 
fit all



What is the ”right” immune response to TB? 



IFN-𝜸 improves in vitro Mtb killing



Immune correlates of Protection

 #1: IL12-IFN𝜸 pathway 

Upstream MSMDs

- Mutations in IL12B, 

IL12RB1, IRF8, NEMO

- ↓ IFN𝜸
- ↓ killing capacity

Downstream MSMDs

- Mutations in IFNGR1, 

IFNGR2, STAT1, IRF8

- ↑ IFN𝜸 

- ↓ killing capacity



IFN-𝜸 improves in vitro Mtb killing

Recruits additional immune cells

1. ↑P-L maturation

2. Warburg metabolism

3. ROS upregulation

4. Ag processing

5. Chemokine activation
→ IFN-𝜸 mediates killing of intracellular pathogens

  and

→Attracts additional immune cells



Inhibit PD1→↑IFN𝜸

IFN-𝜸 : fatal immune pathology



TNF improves in vitro Mtb killing

Recruits additional immune cells



1. Granuloma formation

2. Reactive nitrogen production

3. Nitric oxide production

4. Chemokine production

5. Apoptosis / autophagy / 

necroptosis

→ ↑ killing of intracellular pathogens

 and

→  Attracts additional immune cells

TNF improves in vitro Mtb killing

Recruits additional immune cells



More is better? 

More IFN𝛾 or TNF⍺ prevents TB? 



Clinical trial of aerosolized IFN-𝜸 in MDR 

TB halted early due to increased death 

(10 vs 5 deaths)

Dawson R, Condos R, Tse D, et al. 

Immunomodulation with recombinant 

IFN-𝜸 in pulmonary tuberculosis. 

PLoS One 2009; 4:e6984.?

Immune induced pathology & death



Narrow therapeutic immune window



How do we make this 

clinically applicable?

When does TB therapy 

need an immune 

boost? 

When does pathologic 

inflammation need to 

be suppressed?  



Even more complicated…



An existing examples





Another example: 

33 yr presents with 3 weeks 
of fatigue and cough. 

Found to have Hg of 8, PLT 
30, and WBC 110

Acute myelogenous 
leukemia seen on cytology. 

What is the treatment?



Assessment of Patient Characteristics

Comprehensive Profiling of AML
(morphology, immunophenotype, cytogenetics, molecular analysis)

Patient INELIGIBLE for intensive chemotherapy

Intensive 
chemo          
(eg, 7+3)

Patient ELIGIBLE for intensive chemotherapy

Pre- endotype identification Leukemia Rx (2017)

AML-MRC, AML with myelodysplasia-related changes;

t-AML, therapy-related AML, GO, gemtuzumab ozogamicin. 

Richard-Carpentier G, DiNardo CD. Hematology Am Soc Hematol Educ Program. 2019;2019:548-556. 



Leukemia sub-types 
identified ~2008-2013; 
→3 new FDA-approved 

drug classes discovered
→New standard of care 

therapy
→  ↑ survival!



Assessment of Patient Characteristics

Comprehensive Profiling of AML
(morphology, immunophenotype, cytogenetics, molecular analysis)

Patient INELIGIBLE for intensive chemotherapy

Intensive 
chemo + GO

Intensive 
chemo +
FLT3 inhibitor

Intensive 
chemo          
(eg, 7+3)

CPX-351 

Add
GO?

Add venetoclax?
Add glasdegib?

Add
IDH1/2 inhibitor?

Intermediate-risk cytogenetics IDH1/2 mutation

Patient ELIGIBLE for intensive chemotherapy

CBF-AML FLT3 mutation Others t-AML or AML-MRC

FLT3 inhibitor
+/- HMA

HMA or
HMA + venetoclax

IDH1/2 inhibitor
+/- HMA

HMA + venetoclax or
LDAC + venetoclax or
LDAC + glasdegib

FLT3 mutation All patients IDH1/2 mutation

and/or

HSCT?  Maintenance?

Post endotype identification Leukemia Rx (2020)

AML-MRC, AML with myelodysplasia-related changes;

t-AML, therapy-related AML, GO, gemtuzumab ozogamicin. 

Richard-Carpentier G, DiNardo CD. Hematology Am Soc Hematol Educ Program. 2019;2019:548-556. 







Evidence for TB endotypes:

• Data mined 9 TB studies from 
7 different countries

• 435 TB cases & 533 healthy 
controls

• Unbiased Seurat clustering

• 2-4 different TB endotypes 
identified

ERJ 2022



Evidence for TB endotypes:

• Validated w 2 unique RNAseq datasets

• Validated with German/ Romanian cohort

• Validated with Eswatini immunology cohort

• Linked to data base of HDT drugs

ERJ 2022



TB endotypes: different molecular pathologies 
that can lead to similar disease phenotypes

ERJ 2022

• Lowest resolution: 2 
endotypes

• Endotype A: hyper-
inflammatory & hypo-
responsive; slower time to 
culture conversion



TB endotypes: different molecular pathologies 
that can lead to similar disease phenotypes

ERJ 2022

HDT predicted to be 
beneficial for one 
endotype either 

inconsequential or 
detrimental for other 

endotype



Next steps for improving endotype-specific TB care



Long term good outcomes likely require: 

1. Eradicating Mtb organisms

2. Reducing pathologic inflammation

3. Restoring immune responsiveness



TCGA: The Cancer Genome Atlas
• NIH run database including:

• RNA-seq

• Proteomics

• Epigenomics

• Metabolomics

• All linked to long-term clinical outcomes

• All data publicly available with rich meta-data

• >11,000 Cancer patients

• >15,000 publications

• Hundreds of new therapies→ improved clinical outcomes!



A Texas TB-equivalent to the TCGA? 

• Linking long-term clinical outcomes (M&M)
• Mortality

• Lung function

• Cardiovascular disease

• Microbiology

• Banked samples

A Texas solution that can transform TB clinical care in the next decade? 



Thank you… 







TB endotypes in 5 minutes…

Keystone 2024



Take home from previous Keystones
1. There is no single immune correlate of 

protection
→Multiple TB endotypes

2. Poor outcomes are driven by at least 3 different 
pathologies
→ Pathogen induced pathology
→ Immune induced pathology
→ Anergy



Summary 

• TB endotypes

• Different molecular pathologies can result in similar 
clinical TB phenotype

• Therefore

• Sometimes HDT will need to temper exuberant immunity

• Other times, HDT will need to rejuvenate persistent 
exhauster/ anergic immunity



How does the field accelerate identification of 
endotype-specific HDT? 



Extra slides



After microbial cure for TB 

• Only ~50% of patients normalize inflammation

• Only ~60% normalize immune responsiveness

During TB

• 10-90% of patients have immune induced pathology



~10,000,000 

TB Cases a year

References & Notes

1: 2021 WHO Report; * TB mortality dramatically reduces once antimicrobial therapy is started. 

2: Vega et al 2021, BMJ Thorax, PMID: 33547088; alternative reference PMID: 20074418

3: Romanowski & Lee-Rodriguez; 

4: Blondal: 81 post-TB CVD deaths; * only represents CVD deaths, not all CVD. 

5: Christensen; 22% Post-TB mortality due to Cancer; only represents Cancer deaths, not all cancers

6: Ravimohan 2018; 2020; Pasipanodya 2007

Estimated long-term outcomes for 107 TB patients

Pre/ In-Rx Death 10-15% CFR 1.5 million deaths/ yr.

Relapse ~2% 200,000 relapses/ yr.

Post-Rx death 2-6 deaths/ 100 PYs 105-300,000 deaths 

Post-Rx CVD 1.7 CVD deaths/ 100 PYs 88,000 CVD deaths

Post-Rx cancer (Ca) 1.2 Ca deaths/ 100 PYs 60,000 Ca deaths

Lung Dysfunction 15% w severe disease 1.5 million w severe PTLD

5-year Post-TB Outcomes



Canetti 1955

Autopsy report of >1500 TB 

patients from the pre-Abx era

Pre-exudative lesion

Benign tubercle

- Scarification

- Near sterile

- Asymptomatic

Caseation

Cavitation

- Transmission

- Symptoms

Softened caseum



Canetti 1955

Autopsy report of >1500 TB 

patients from the pre-Abx era

3 morphologies of soft caseum

1. Fibrino-macrophage alveolitis

• ~581 bacilli/ 100 HPF

• Predominant macrophages

• Evolves rapidly to caseation w 2400 

bacilli/HPF

2. Pure fibrinous alveolitis

• ~13 bacilli/ 100 HPF

• Rare immune cells; +fibrin

• He hypothesized this led to solid caseation

3. Polymorphonuclear alveolitis

• ~1670 bacilli/ 100 HPF

• Predominant PMNs

• He hypothesized this led directly to 

necrosis
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