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Rifampin

Every TB treatment decision starts with whether 
or not one can use rifampin



Rifampin resistance (or omission)



Rifampin resistance (or omission)



Regarding the Laboratory and Rifampin

• Early rifampin detection sets the trajectory of all other treatment 
decisions for both TB disease and TB infection (LTBI)

• Nucleic acid-based tests that detect Mtb and offer information on 
rifampin resistance/susceptibility are highly coveted

• Clinically, susceptibility to rifampin is used interchangeably for 
susceptibility to rifampin, rifabutin and rifapentine so, this one finding, 
opens a whole chest of treatment options 



A Clinician’s View of 
First Line TB Drug Susceptibilities

• A patient with an INH and rifampin susceptible organism can be cured 
with just those two drugs, these results are most important

• Resistance to each of the first line drugs has different implications, 
clinically and epidemiologically

• Rifampin is the most important 

• PZA monoresistance implies M. bovis infection which has different 
implications for contact investigation

• EMB resistance is only relevant to clinicians if other drugs show 
resistance



New Treatment Regimens 
for Drug-Susceptible TB Disease



SHINE Trial

Shorter Treatment for Minimal Tuberculosis (TB) in
Children



SHINE Trial Design

• Children ages 0-16 years old

• Multicenter, open-label, parallel-group, non-inferiority, randomized 
controlled, two-arm trial

• Comparing a 4-month vs the standard 6-month regimen

• Endpoint: favorable outcome; TB-free survival at 72 weeks

• Margin of Inferiority set at 6%



Exclusion Criterion

1. Smear-positive respiratory sample TB
(note: smear-positive peripheral lymph node sample is allowed)

2. Premature (<37 weeks) and aged under 3 months

3. Miliary TB, spinal TB, TB meningitis, osteoarticular TB, abdominal TB, congenital TB

4. Pre-existing non-tuberculous disease likely to prejudice the response to, or assessment
of, treatment e.g. liver or kidney disease, peripheral neuropathy, cavitation

5. Any known contraindication to taking anti-TB drugs

6. Known contact with drug resistant adult source case (including mono- resistant TB)

7. Known drug resistance in the child

8. Severely sick

9. Pregnancy



Laboratory Support for SHINE Regimen

• As is frequently the case in children, susceptibilities for the 
source case guide the treatment course

• Use of this regimen is dependent on any organisms collected 
from the source case being susceptible to at least INH, 
rifampin and PZA

• Shorter treatment courses dictate a need for early detection 
of possible resistance





https://www.treatmentactiongroup.org/publication/an-activists-guide-to-shorter-treatment-for-drug-sensitive-tuberculosis/



Treatment shortening regimen (TBTC Study 31) –
Drug Sensitive TB

N Engl J Med 2021;384:1705-18. 

2234 participants (194 PLHIV, 1703 with cavity on CXR)
Randomized 1:1:1 to 3 arms

Noninferiority study 



Study 31 - Laboratory

• Inclusion criterion:
• Diagnosed pulmonary tuberculosis confirmed on culture to be susceptible to INH, 

rifampin and fluroquinolones
• At least one sputum specimen positive for 

• AFB on smear microscopy
• Xpert MTB/RIF (with a medium or high semiquantitative result)

• 2 sputum specimens were collected at all scheduled visits at or after week 17
• Smear microscopy and culture by MGIT obtained at baseline
• Phenotypic testing at baseline and any Mtb positive cultures after week 17
• WGS on any positive cultures collected after week 17 (compared to baseline)



Study 31 Laboratory

Supplement to: N Engl J Med 2021;384:1705-18.



Notes:
• HRZE dosed at standard doses
• Dosed daily, 7 days/week, observed 5 days/week
• Rifapentine 1200 mg (8 tablets)
• Moxifloxacin 400 mg 

Isoniazid (H)
Rifapentine (P)
Ethambutol (E)

Pyrazinamide (Z)

Isoniazid (H)
Rifampin (R)

Ethambutol (E)
Pyrazinamide (Z)

Isoniazid (H)
Rifapentine (P)

Moxifloxacin (M)
Pyrazinamide (Z)

Control
(2HRZE/4HR)

RPT
(2HPZE/2HP)

Control
(2HPZM/4HPM)

Study 31 – Treatment Arms



N Engl J Med 2021;384:1705-18. 

6.6 %

Study 31 - Results



Study 31 Microbiologic Outcomes

1 case with exogenous reinfection confirmed by WGS



https://www.cdc.gov/mmwr/volumes/71/wr/mm7108a1.htm

CDC Recommendations for Laboratory Assessment -
4 Month Rifapentine-Moxifloxacin Regimen



Should the Fluoroquinolones be considered in 
first line drug testing……..?



New Treatments 
for Drug-Resistant TB Disease



INH resistance (or omission)



TB Cases by Isoniazid Resistance and Origin of Birth, 
United States, 1993–2020
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Treating INH-resistant Disease



Treating INH-resistant Disease



INH-Resistant TB Disease

• INH resistant TB in the US: 
• 643 cases in 2019, 419 cases in 2020
• 8-9% treatment naïve patients, 13-19% in patients with previous TB
• Similar rates in US-born and non-US born

• Clear improvement in treatment outcomes with addition of a 
fluoroquinolone

• Treatment is considered adequate once the FQ is added. Treatment 
prior to FQ addition is not counted toward length of treatment



Historical Treatment for 
Drug Susceptible versus MDR TB

Initial Phase

Continuation Phase

6-9 months of therapy

4-5 active drugs (mostly 2nd line)

2 years of therapy

4 active drugs (mostly 2nd line)

50-55%
Favorable 
outcomes



Drugs for TB 



HIV Medications 
(Developed since 1968)

https://anthc.org/wp-content/uploads/2015/12/HIV_MedChart_052016.pdf



TB Medications 
(Developed since 1968)

• Bedaquiline in 2012

• Delamanid in 2014 (but not in US)

• Pretomanid 2019



Am J Respir Crit Care Med Vol 200, Iss 10, pp e93–e142, Nov 15, 2019

www.thelancet.com Vol 393 April 20, 2019



WHO determined the revised XDR-TB definition 
will need to:

• Consider the key role of FQNs in the treatment of MDR/RR-TB

• Disregard the 2nd line injectable agents

• Consider the important role of the new or repurposed drugs in Group A 
especially bedaquiline and linezolid as part of the longer regimens, and 
the BPaL regimen 

• Be feasible for implementation by NTPs

• Be practical and useful for making clinical decisions and when deciding on 
eligibility while designing treatment regimens

• Identify a resistance pattern that signals the need for an important 
change in the treatment options

Courtesy of Barbara Seaworth, MD



Definition of pre-XDR-TB and updated 
definition of XDR-TBa

Pre-XDR-TB: TB caused by MTB (M. 
tuberculosis) strains that fulfil the definition of 
MDR/RR-TB and that are also resistant to any 
fluoroquinolone.

XDR-TB: TB caused by MTB (M. tuberculosis) 
strains that fulfil the definition of MDR/RR-TB 
and that are also resistant to any 
fluoroquinolone and at least one additional 
Group A drugb

MDR/RR-TB: multidrug-resistant or rifampicin-resistant tuberculosis; TB: tuberculosis; XDR-
TB: extensively drug-resistant tuberculosis

aThe fluoroquinolones include levofloxacin and moxifloxacin, because these are the 
fluoroquinolones currently recommended by WHO for inclusion in shorter and longer 
regimens.

Group A drugs are currently levofloxacin or moxifloxacin, bedaquiline and linezolid; 
therefore, XDR-TB is MDR/RR-TB that is resistant to a fluoroquinolone and either 
bedaquiline or linezolid (or both). The Group A drugs may change in the future; therefore, 
the terminology “Group A will apply to any Group A drugs in the future. Courtesy of Barbara Seaworth, MD



https://www.treatmentactiongroup.org/publication/an-activists-guide-to-shorter-treatment-for-drug-sensitive-tuberculosis/



BPaL Study - Laboratory 

• Primary endpoint: unfavorable outcome, defined as treatment failure 
(bacteriologic or clinical)

• All patients were categorized as having XDR or MDR TB (WHO definition?)

• 2 sputum samples were obtained for smear microscopy and culture
• Baseline, weeks 1, 2, 4, 6, 8, them monthly through week 26
• Follow up months 1,2,3 and every 3 months through month 24

• Median number of 29 cultures (range, 20-40) collected to determine the primary 
endpoint

• Mtb isolates were identified by ‘molecular methods’

• Mtb isolates were sent to a central lab for 
• MIC of bedaquiline, pretomanid and linezolid
• MGIT testing of rifampin, isoniazid, streptomycin, ethambutol, moxifloxacin, kanamycin



BPaL Study - Laboratory 

• Primary endpoint: unfavorable outcome, defined as treatment failure 
(bacteriologic or clinical)

• All patients were categorized as having XDR or MDR TB (WHO definition?)

• 2 sputum samples were obtained for smear microscopy and culture
• Baseline, weeks 1, 2, 4, 6, 8, them monthly through week 26
• Follow up months 1,2,3 and every 3 months through month 24

• Median number of 29 cultures (range, 20-40) collected to determine the primary 
endpoint

• Mtb isolates were identified by ‘molecular methods’

• Mtb isolates were sent to a central lab for 
• MIC of bedaquiline, pretomanid and linezolid
• MGIT testing of rifampin, isoniazid, streptomycin, ethambutol, moxifloxacin, kanamycin





BPaL Regimen - Results



N Engl J Med 2020;382:893-902.

• 57/109 patients had baseline MICs to all 3 
study drugs

• All had Pretomanid MICs ≤ 1 µg/ml
• 54 had BDQ and LZD MICs ≤ 1 µg/ml  (WHO 

recommended CC)
• 2 had BDQ MICs of 2 µg/ml 
• 1 had BDQ MIC of 4 µg/ml 



Future MDR studies (Randomized, Controlled Trials) -
TB PRACTECAL

• Relevant Inclusion
• Microbiological test (molecular or phenotypic) confirming the presence of M. tuberculosis in sputum;
• Resistant to at least rifampicin by either molecular or phenotypic drug susceptibility test

• Relevant Exclusion
• Known resistance to bedaquiline, pretomanid, linezolid or delamanid

• Particpants with TB isolates resistant to rifampicin by rapid molecular tests 
will be evaluated by MGIT DST (MGIT 960)

• 2 sputum specimens will be collected at least once monthly during 
treatment, every 2 months during follow up

• DSTs will be performed on pure cultures from baseline/16 weeks forward
• MGIT DST for H,R, E, Z, Sm, Km, Cm, Mfx and/or Ofx
• MICs for bedaquiline, pretomanid, linezolid, clofazimine +/- Mfx (when indicated)

• Mycobacterial DNA stored at baseline (D0, D7, W4 if D0/D7 unavailable)
• Patients with culture reversion or recurrent TB will have genotyping



MDR Studies in Progress

INT J TUBERC LUNG DIS 26(7):590–591



MDR Studies in Progress

INT J TUBERC LUNG DIS 26(7):590–591



When do we worry about 
bedaquiline resistance?



• 8041 patients starting bedaquiline-based treatment had samples collected at baseline, month 
2, month 6

• Baseline BDQ resistance was 3.8% 
• BDQ naïve 72/2023, 3.6%
• Prior BDQ or clofazimine, 4/19, 21.1%

• BDQ resistance was associated with previous exposure to bedaquiline or clofazimine (OR 7.1)

• Rv0678 mutations were associated with resistance

• Resistance emerged in 12/695 (2.3%) of patients on treatment with median time to 
emergence of 90 days (range 21-654 days)

• Successful treatment outcomes were lower in patients with bedaquiline resistance



Conclusions

• Treatment regimens for TB are shortening, turnaround time for 
susceptibility testing should shorten as well

• Fluoroquinolones are playing a larger role in TB treatments for both 
drug susceptible and drug resistant TB.   It may be time to consider 
them first line drugs

• TB treatment regimens for drug resistant TB in the US and worldwide  
increasingly contain bedaquiline, fluoroquinolones and linezolid.  
Mechanisms for testing and surveillance need to grow in the direction 
the treatment regimens are taking us





Thank you for attention and for all 
that you do for our patients

Questions?

Lisa Y Armitige, MD, PhD
Lisa.Armitige@dshs.texas.gov
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