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Let’s start with some Epidemiology



Tennessee Dept. of Health TB Elimination Program

Tennessee TB Cases and Rates* by Region and County – 2020 3/25/2021

*Rate = number of TB cases per 100,000 population
Pop. Source: United States Census Bureau - American FactFinder – 11/2019

Region / County Cases Rate Region / County Cases Rate Region / County Cases Rate

Metropolitan Regions South Central Region 4 1.0 East Tennessee Region 2 0.3
Memphis/Shelby 36 3.8 Bedford County 1 2.0 Anderson County 0 0.0
Jackson/Madison 3 3.1 Coffee County 1 1.8 Blount County 0 0.0
Nashville/Davidson 29 4.2 Giles County 1 3.4 Campbell County 0 0.0
Chattanooga/Hamilton 7 1.9 Hickman County 0 0.0 Claiborne County 0 0.0
Knoxville/Knox 4 0.9 Lawrence County 0 0.0 Cocke County 0 0.0
Sullivan County 0 0.0 Lewis County 0 0.0 Grainger County 0 0.0

West Tennessee Region 1 0.2 Lincoln County 0 0.0 Hamblen County 1 1.5
Benton County 0 0.0 Marshall County 0 0.0 Jefferson County 1 1.9
Carroll County 0 0.0 Maury County 0 0.0 Loudon County 0 0.0
Chester County 0 0.0 Moore County 1 15.6 Monroe County 0 0.0
Crockett County 0 0.0 Perry County 0 0.0 Morgan County 0 0.0
Decatur County 0 0.0 Wayne County 0 0.0 Roane County 0 0.0

Dyer County 0 0.0 Upper Cumberland Region 3 0.8 Scott County 0 0.0
Fayette County 0 0.0 Cannon County 0 0.0 Sevier County 0 0.0
Gibson County 0 0.0 Clay County 0 0.0 Union County 0 0.0

HardemanCounty 0 0.0 Cumberland County 1 1.7 Northeast Region 4 1.1
Hardin County 0 0.0 DeKalb County 0 0.0 Carter County 0 0.0
Haywood County 0 0.0 Fentress County 0 0.0 Greene County 2 2.9
HendersonCounty 0 0.0 Jackson County 0 0.0 Hancock County 0 0.0
Henry County 0 0.0 Macon County 0 0.0 Hawkins County 0 0.0
Lake County 0 0.0 Overton County 0 0.0 Johnson County 0 0.0
Lauderdale County 0 0.0 Pickett County 0 0.0 Unicoi County 0 0.0
McNairy County 1 3.9 Putnam County 1 1.3 Washington County 2 1.6
Obion County 0 0.0 Smith County 0 0.0

Cases RateTipton County 0 0.0 Van Buren County 0 0.0 2020 Total
Weakley County 0 0.0 Warren County 1 2.4 Tennessee 113 1.7
Mid-Cumberland Region 19 1.5 White County 0 0.0 United States 7,163 2.2

Cheatham County 0 0.0 Southeast Region 1 0.3
DicksonCounty 0 0.0 Bledsoe County 0 0.0

Houston County 0 0.0 Bradley County 1 0.9 Tuberculosis Elimination Program
Humphreys County 0 0.0 Franklin County 0 0.0 710 James Robertson Parkway
Montgomery County 2 1.0 Grundy County 0 0.0 3rd floor, Andrew Johnson Tower
Robertson County 1 1.4 McMinn County 0 0.0 Nashville, TN 37243
Rutherford County 8 2.5 Marion County 0 0.0 Ph: 615-741-7247
Stewart County 0 0.0 Meigs County 0 0.0 Fax: 615-253-1370
Sumner County 2 1.1 Polk County 0 0.0
Trousdale County 0 0.0 Rhea County 0 0.0
WilliamsonCounty 5 2.2 Sequatchie County 0 0.0
Wilson County 1 0.7

https://sntc.medicine.ufl.edu/home/index#/
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State-of-the-state:  Global burden of TB disease

WHO Global Tuberculosis Report 2022

In 2014, TB surpassed HIV as 
the #1 infectious disease killer 
worldwide (now it is #2)

In 2021, 10.6M cases 
A top 15 global cause of death

In 2021 & 2022, for the first 
time in a decade, TB mortality 
increased
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Global burden of TB disease, in absolute numbers

6WHO. Global TB Report, 2022.



https://www.who.int/multi-media/details/global-tuberculosis-report-2022-infographic-9



WHO. Global TB Report, 2022.



WHO. Global TB Report, 2022.



How about in the US?
“In 2020, the United States reported 7,174 TB 
cases and an incidence rate of 2.2 cases per 
100,000 persons, which represents a 19.4% 
and 19.7% decrease, respectively, compared 
with 2019”

https://www.cdc.gov/tb/statistics/reports/2020/national_data.htm



TB National Statistics

https://www.cdc.gov/tb/statistics/reports/2020/



TB and PWH



Let’s back up-- TB: The Basics

• TB is caused by Mycobacterium tuberculosis-complex
• M. bovis and M. africanum infrequent causes 

• Humans are the only important reservoir
• Cattle, badgers, water buffalo, lions, elephants rare sources

• TB infection (aka LTBI) is asymptomatic and non-infectious
• Active TB disease is infectious through aerosols/droplet nuclei
• Host immune responses are effective in controlling the organism in the 

vast majority of infections

Slide, adapted, from Dick Chaisson13



Risk of Infection and Progression to Disease

Early progression = < 2 years

Late  progression ~ 5%

Luo (2019) Nat Comm PMID 31434886 14



Latent TB infection (LTBI)

http://www.who.int/tb/challenges/ltbi_factsheet_25nov15.pdf?ua=1; 
http://www.results.org.au/living-with-hiv-dying-of-tb/; https://msdh.ms.gov/msdhsite/_static/14,0,150,728.html

Houben and Dodd. PLoS Med 2016;13(10):e1002152

About 1 in 4 persons

1512%

http://www.who.int/tb/challenges/ltbi_factsheet_25nov15.pdf?ua=1
http://www.results.org.au/living-with-hiv-dying-of-tb/


HIV and Tuberculosis Epidemiology

Total Population PWH
Incidence 10.6 710,000 (6.7%)

Deaths 1.59 million 187,000 (12%)

16

Global Burden of Tuberculosis, 2021

WHO 2022 Global Tuberculosis Report

Co-treatment challenges:
• Drug interactions
• Disease interactions
• Overlapping toxicities
• Pill burden
• Immune reconstitution 

inflammatory syndrome (IRIS)
• Treatment coordination



Impact of HIV on TB disease incidence

• TB incidence doubles in first year 
following HIV seroconversion, then 
increases as CD4 declines 

• Both low CD4 counts and high HIV viral 
loads associated with risk of TB

• Early natural history of M. tuberculosis 
infection profoundly altered by HIV 
infection à ~40% progression to 
active disease in 3 months

• Can be prevented (by ART, by TPT)

Sonnenberg et al., J Infect Dis 2005;191:150; Lawn et al. AIDS; Day et al., J Infect Dis 190:1677; Daley et al. N Engl J Med 1992;326:321
17



Effect of TB on HIV

§ TB increases the risk of 
progression to AIDS or death 

§ Multiple theories as to why this 
may happen: increased HIV 
viremia in those with TB 
disease, increased CD4 
activation

Slide via Connie Haley, from L. Beth Gadkowski
University of Florida, SNTC



HIV-TB in the United States

https://www.cdc.gov/tb/statistics/reports/2020/

Other risk factors for TB



TB Preventative Therapy (TPT) and ART both work 
independently to reduce risk of TB disease in PWH
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TB prevention in PWH



Prevention:  Not prescribed, not taken
Simplify treatment

Fox et al 2017 IJID

Completion rates varied from 6% to 94%

“… and were inversely proportional to the 
duration of treatment”

WHO 2018 Guidelines on the management of latent 
tuberculosis infection

22



Preventing TB disease:
Latent TB infection (LTBI) Treatment Options

from Maunank ShahNote: 1HP (daily rifapentine plus isoniazid for 28 days) is now an alternative regimen for PWHIV



© 2022 Pi Consulting | India TB Summit 2022 24

Prevention for People with HIV

1HP

9H

3HP

3HR

4R

New (Feb 2022) OI Guidelines, US NIH/CDC/IDSA



3HP- Once-weekly rifapentine + INH (900/900mg) x 12 doses

See also:
Schechter et al  Am J Respir Crit Care Med 2006 
Martinson et al NEJM 2011

3HP 9H

Efficacy 0.39/p-y 1.25/p-y

Treatment completion 89% 64%

Drug d/c from hepatotoxicity 1% 4%

Subgroup with HIV

3HP is more likely to be completed, more efficacious, less likely to cause liver toxicity than 9H in PLWH…

Sterling et al AIDS 2016

25



LTBI:  3HP plus dolutegravir-- TB prophylactic 
therapy in patients with HIV taking DTG: DOLPHIN

Lancet HIV (2020) PMID 32240629
Funder: UNITAID (Churchyard/Chaisson)
(Mathad et al is CID (2021) PMID 34323955) Jyoti Mathad Nicole Salazar-Austin Ethel Weld

Coming soon:  3HP + DTG in pregnant women (stage set by 
3HP study by Mathad et al), 3HP + DTG in children, HIV 
treatment-naïve adults (enrolling) 

26



1HP- Once-daily rifapentine + INH x 28 days

ACTG A5372 will help us 
understand how to dose 
DTG with 1HP



WHO. Global TB Report, 2022.



Pulmonary TB: Treatment Innovations



INH:  Early bactericidal activity, rapid reduction in 
organism burden

Rifampin: Unique sterilizing activity against “persisters”, key 
contributor to cure without relapse

Pyrazinamide: Sterilizing activity in acidic environments over the 
first 2 months, allowing for shortening of treatment

Ethambutol: Prevents resistance to other antibiotics

Drug-Sensitive TB: 
The Role of Individual Drugs in “Short Course” Therapy

Each drug has a role. Together, they comprise an effective regimen 30



Standard treatment: long duration and imperfect efficacy 

Imperial (2018) Nature Medicine
31



A Four-Month Regimen for Drug-Sensitive TB: TBTC31/ACTG A5349

Rifapentine plus moxifloxacin (2PHZM/2PHM) regimen achieves non-inferiority for efficacy in all analyses  
Rifapentine regimen (2PHZE/2PH) does NOT achieves non-inferiority for efficacy in ANY analysis

Dorman et al. NEJM (2021) 384: 1705, PMID 33951360

**ACTG A5406 will 
evaluate HPZM with 
dolutegravir-based 
ART in PWH



TBTC S31/A5349:  Rifapentine-containing tuberculosis treatment shortening regimens Version 2.0 
 14 May 2015 
  
 
 

Protocol Summary 
 

Schematic of Study Design:  

 
 
 
 
 
 
 
 
 
 
 
 
  
 

Screen for eligibility 

Enroll 

Randomize 1:1:1 
 

 

Regimen 1 
(control regimen) 

2RHZE/4RH 
(26 weeks) 

Regimen 2 
(investigational) 

2PHZE/2PH 
(17 weeks) 

Regimen 3 
(investigational) 

2PHZM/2PHM 
(17 weeks) 

Participant follow-up: 
18 months after treatment assignment 

Analysis of Outcome Measures 
Primary at 12 months; secondary at 18 months 

 

Drug-Sensitive TB-A 4-month regimen!
TBTC Study 31

Key
P=rifapentine
R=rifampin

M=moxifloxacin
E=ethambutol

H=isoniazid
Z=pyrazinamide

33



34 clinical research sites, 13 countries, 4 continents

TBTC Sites
ACTG Sites

S31/A5349 slides courtesy of Susan Dorman et al



• RPT-MOX 
(2HPZM/2HPM)
regimen meets 
non-inferiority 
criteria for 
efficacy in all
analyses

• RPT (2HPZE/2HP)
regimen does 
not meet non-
inferiority 
criteria for 
efficacy in any 
analysis

Primary Efficacy ResultsPrimary Efficacy Results



% of participants with unfavorable treatment outcome



MDR-TB Treatment

WHO Global Report 2022
37

Multidrug-resistant TB:
Mycobacterium tuberculosis resistant to isoniazid 
and rifampin: ~500,000 incident cases in 2020



MDR/XDR-TB:  BPaL, the NixTB trial

Summary points:
• Single-arm study of 109 patients in South Africa with XDR-TB or treatment-intolerant MDR-TB
• 6-month regimen of bedaquiline, pretomanid, linezolid (BPaL) with 90% treatment success
• Peripheral neuropathy in 81%, myelosuppression in 48%, mostly manageable and reversible

Registration of pretomanid, as BPaL 38



Bedaquiline:  Drug interactions with ART

Brill IJAA 2017; Svensson AAC 2014; Svensson AAC 2013

NEVIRAPINE

No significant effect on BDQ

LOPINAVIR/RITONAVIR

2-3 fold increase in BDQ exposures

EFAVIRENZ

50% reduction in BDQ exposures

DOLUTEGRAVIR

Unlikely to have significant effect on BDQ

39



U.S. BPaL Implementation, 2019-2022
*

CDC TB Center of Excellence https://www.cdc.gov/tb/education/tb_coe

At least one TB patient 
treated with BPaL

https://www.cdc.gov/tb/education/tb_coe


Conclusions from the U.S Experience with BPaL
•BPaL is well tolerated, has less impact on patients’ daily activities

• Few discontinued BPaL for toxicity
• Few treatment interruptions for toxicity—shorter total treatment duration

•No patients needed 1200mg QD; only a few needed 900mg 
•Almost half of patients changed to LZD 3 times per week
•One has relapsed after treatment 
•Time to culture conversion appears shorter than prior MDR regimens
•Positive feedback from TB staff and providers
•Too many patients with drug resistance have delayed diagnosis
•Collaboration enables increased access to diagnostics & treatment

From Connie Haley



A Couple of Other Tidbits



Is there a best test for LTBI in PWH? 

Pettit et al. CID 2021:73 (1 October)

§ 1510 US-born PWH evaluated for LTBI with TST, T-SPOT, QFT
§ Median self-reported CD4 count: 532 cells/mm3
§ Overall estimated LTBI prevalence: 4.7%
§ IGRA more sensitive than TST

Pettit et al. CID 2021:73 (1 October)Slide from L. Beth Gadkowski, via Connie Haley







https://www.who.int/tb/cHILD3.jpg

Universal antiretroviral therapy

TB preventive therapy

High impact strategies to treat and prevent HIV and TB are needed



Summary
• TB incidence and TB-related mortality are rising, we need to be vigilant and 

keep our focus in the context of competing infectious disease threats
• There has been significant progress in treatments for TB:  We now have a 1-

month treatment for latent TB, a 4-month treatment for drug-sensitive TB, 
and a 6-month treatment for MDR-TB!
• There are several safe, effective regimens for co-treatment of HIV and 

(L)TB(I)

• PWH constitute an ever-smaller proportion of those with TB disease and 
with TB-related death, owing to global provision of ART and increasing 
provision of TPT

• More to come (new drugs, new formulations, vaccines in development)…
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Thank you.

WHO. Roadmap for Childhood Tuberculosis: Towards Zero Deaths


