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When Does Lab Report Resistance?

•If > 1% of the mycobacterial population grows on a 
culture which contains a drug at a certain specified 
concentration.
• In comparison to amount which grows on a plate without 

the drug

•If treatment is given with the drug eventually all the 
mycobacteria in that population will become 
resistant
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Multiple Drug Resistant TB (MDR TB) TB 
resistant to both INH and Rifampin

Extensively Drug Resistant TB (XDR TB)

•MDR TB 
plus resistance to:
• Any fluoroquinolone
and
• Second line injectable

• Capreomycin
• Kanamycin
• Amikacin

Pre – XDR TB

•MDR TB 
plus resistance to:
• Any fluoroquinolone
or
• Second line injectable

• Capreomycin
• Kanamycin
• Amikacin



WHO Terminology
to Classify Drug Resistant TB

January 2021

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

• XDR-TB: TB caused by M. 
tuberculosis strains that fulfill the 
definition of MDR/RR-TB and that 
are also resistant to any 
fluoroquinolone and at least one 
additional Group A drug. 

• XDR-TB:

Note:  No mention of the injectable agents by WHO

Group A Drugs
Levofloxacin/Moxifloxacin

Bedaquiline
Linezolid



WHO Overarching Principals for 
New Definition of  XDR TB

• Simple:

• Measurable: 

• Relevant to programs:
• Should signal a very serious form of TB and the need for such patients to have a 

regimen that is different to the regimen for patients with MDR-TB, or other less 
serious forms of DR-TB. 

• Future-proof:
• Accomplished by use of “Group A” drugs instead of specific drugs; allows new Group 

A drugs in the future.

• CDC definition includes linezolid and bedaquiline in place of Group A designation; ignores 
delamanid and pretomanid and all future drugs



CDC Terminology to Classify Drug 
Resistant TB

OLD Terminology

•Pre-XDR TB: no formal 
designation

Updated Terminology - January 2022

•Pre-XDR TB: caused by an 
organism that is resistant to 
at least INH, rifampin, and a 
Fluoroquinolone OR a 2nd

line injectable (amikacin, 
capreomycin and 
kanamycin)



CDC Terminology to Classify Drug 
Resistant TB

OLD Terminology

•XDR-TB: caused by an 
organism that is 
resistant to INH, 
rifampin, a FQN, and a 
2nd line injectable 
(amikacin, capreomycin 
and kanamycin)

Updated Terminology - January 2022

•XDR-TB: caused by an 
organism that is resistant to 
INH, rifampin, a 
Fluoroquinolone and a 2nd

line injectable OR by an 
organism that is resistant to 
INH, rifampin, a FQN and 
BDQ or linezolid



Combined changes to terminology
CDC/WHO 2022



Diagnosis of Drug Resistant TB:
First step is to consider the possibility

WHEN Patient Notes:
• Prior TB treatment
• Inadequate prior treatment

• Inadequate regimen
• Drug shortage
• Drug toxicity
• DST not done to guide RX

• Poor response to treatment

WHO?
•Those from areas where DR 
TB is common

•Those who relapse, 
•with history of poor 
adherence

•Those exposed to a person 
with DR TB



Diagnosis of Drug Resistant TB
Initial specimen

• Xpert
• Sputum specimen or culture

• Gives same day information as to 
rifampin resistance

• If positive for rifampin resistance 
further testing needed to confirm

• Whole genome sequencing
• Initial culture

• Many states preform on all isolates
• But not a diagnostic tool rather an 

epidemiological tool for most 
states

• In Texas the isolates are batched
• Florida, New York

• A diagnostic tool; results in one week 

If Xpert is positive for MTB and rifampin resistance

• Additional testing (CDC/other reference 
lab)

• Confirm rifampin resistance with 
pyrosequencing or Sanger sequencing

• If rifampin resistance is confirmed
• Molecular testing for other first line drugs 

and fluoroquinolones

• Hopefully will soon also be able to do 
bedaquiline, linezolid, clofazimine and 
pretomanid

• Culture based drug susceptibility studies 
for all first- and second-line drugs



When RR or MDR TB is Suspected/Identified
•Stop RIPE treatment

• If patient seriously ill contact a consultant to help with an empiric 
regimen pending more information

•Submit specimen to CDC for Molecular Detection of Drug 
Resistance (MDDR – sequencing) to confirm rifampin 
resistance testing once Xpert identifies rifampin resistance

•Obtain initial assessments needed to decide on the initial 
regimen
• LAB:  CBC, CMP, calcium, magnesium, potassium, TSH
• Assess for visual acuity, Ishihara, peripheral neuropathy
• EKG
• Other medical comorbidities/medications



What about Discrepancies in Rifampin
Susceptibility?

Molecular tests and Culture Based DST

• Rifampin?
• Molecular test done by whole genome sequencing 

pyrosequencing or Sanger sequencing is:

• MGIT misses more of these than solid media testing

• Often may be due to lower level of rifampin resistance but these are clinically 
significant – cannot be treated with standard regimen

“Gold Standard”



Treatment of Drug Resistant TB



Treatment of MDR TB pre-2019

• 20-24 months of treatment

• 6-8 months of an injectable

• 4-6 less effective second line drugs

• 50% cure, 10% mortality



• Staggering Medication Burden 

The medicine and 
syringes to treat 
one MDR-TB
patient for one 
year. Patients need 
to undergo
treatment from 
18–24 months

IDSA fact sheet 2013

From this to ----



2022: Bedaquiline  -
Core Drug for      
MDR/XDR TB

2012:Bedaquiline 
now available for compassionate use

TAG PIPELINE REPORT 2012





Combinations 
As “THE” 
Regimen

BPaL
BPaLM

? Coming…BPaMZ



Treatment Options for RR/MDR TB – WHO 
• BPaLM: BDQ/Pretomanid/Linezolid/Moxifloxacin 6-9mo

• Linezolid dose 600 mg once daily

• BPaL: BDQ/Pretomanid/Linezolid 6-9 mo.
• Linezolid dose 600 mg once daily as identified by ZeNix study

• All oral 9-month regimen (WHO)
• 4-6 months of:

• BDQ (4-6 mo.), Levofloxacin/Moxifloxacin (throughout RX), Linezolid (2 mo.), EMB, PZA, INH (high 
dose) and Clofazimine (6 mo.)

• Can increase duration of initial phase to 6 months if slow response
• 5 months of: 

• Levofloxacin/moxifloxacin, EMB, PZA and clofazimine

• Longer all oral individualized regimen (18 months)
• Use injectable drug only when no other options



BPaLM (BPaL plus Moxifloxacin - 5 tablets)

BDQ/Pretomanid/Linezolid/Moxifloxacin



All Oral
Open Label – Observational

*109 patients 
65% XDR

51% HIV +
84% cavitary on CXR

Unresponsive to treatment or intolerant

Favorable Treatment Outcomes
XDR TB 89%
MDR TB 92%

Relapse
XDR TB: 1/MDR TB: 1

Bedaquiline 400 mg (14 days); 200 mg M/W/F
Pretomanid 200 mg daily
Linezolid 1200 mg daily

Time to Culture Negative: MDR vs XDR TB



BUT ……..  BPaL Adverse Events

•Adverse Effects:
• HIV negative: 100%
• HIV positive: 100%

•Adverse Effects by Linezolid dose 
•1200 mg once daily: 100%
•600 mg twice daily:   100%

Myelosuppression 48% 
Peripheral neuropathy 81%



NEJM September 2022

ZeNIX: Linezolid Optimization Trial
Patients with MDR or XDR TB

Treatment Failure or Intolerant

30 XDR TB/group and up to 15 pre-XDR or 
treatment non-response or intolerant MDR TB

45 -46 patients/group

6 months of treatment

Bedaquiline dose
200 mg daily x 8 weeks

100 mg daily x 18 weeks



ZeNix - Efficacy

\\

91%



ZeNIX: Linezolid Optimization Trial
MDR or XDR TB Treatment Failure or Intolerant

Safety
•Peripheral neuropathy

24% (600 mg x26)
•Myelosuppression, 

2% (600 mg x 26)

• Only 13% required Linezolid 
dose modification at 600 
mg/day dose

Efficacy
•LZD - 1200mg x 6 mo. - 93%
•LZD - 1200 mg x 9 wks. - 89%
•LZD - 600 mg x 6 mo. - 91%
•LZD - 600 mg x 9 wks. – 84%



TB PRACTECAL –
• Regimen 1: 
• bedaquiline + pretomanid + linezolid + moxifloxacin for 26 

weeks (BPaLM or BPaL plus Moxi)

• Regimen 2: 
• bedaquiline + pretomanid + linezolid + clofazimine for 26 

weeks

• Regimen 3: 
• bedaquiline + pretomanid + linezolid for 24 weeks

• Standard of Care in Country at the time



TB-Practecal Clinical Trial 
randomized, controlled



TB PRACTECAL



Cumulative incidence of unfavorable outcomes



Short course treatment options for drug resistant TB
• BPaL   6 months; may extend to 9

• BPaLM 6 months; may extend to 9

• BDQ, LZD (2), Moxi core 9 months
• WHO includes in regimen:

• BDQ, LZD (2), Moxi, high dose INH, EMB, PZA, 
Clofazimine x 4-6 months

• moxifloxacin, clofazimine, EMB, PZA x 4 months

• U.S. would likely include in regimen: 
• BDQ, LZD, Moxi throughout 9 – 12 months plus
• Clofazimine or PZA
• Cycloserine 

6 – 9 months 
All oral 
Core drugs:

Bedaquiline
Pretomanid
Linezolid
Moxifloxacin 

(B)BDQ = bedaquiline, Pa = pretomanid,  (L) LZD = linezolid, 
(M) Moxi = moxifloxacin



Key Considerations for Selecting a Regimen
•DST: Fluoroquinolone resistant? - BPaL preferred 
•For other patients BPaLM may be more active based 
on preliminary information from TB Practecal study 
and early WHO guidance

•BPaLM and BPaL-not recommended/contraindicated:
• CNS disease (lacking good data on CNS penetration)
• Pregnancy
• Age < 15
• Extensive disease or Extrapulmonary disease 

• may need RX extended or drugs added





Monthly assessment 
Early Identification of Toxicity

Patient Education 
Early report if symptoms occur





DLM = Delamanid 



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

www.thelancet.com Vol 393 April 20, 2019

All Oral Regimen!



Management of Treatment 
Interruptions and substitutions



What substitutions are allowed?

•BPaLM

•BPaL



Restarting bedaquiline depends on prior 
duration of treatment and duration of 
interruption



Treatment interruption with bedaquiline
can be with restart of maintenance dose if
After completion of loading dose
Restart maintenance RX after interruption of

•20 days
•20 days
•21 days
•22 days
•24 days
•26 days
•≤ 28 days
•≤39  days

When prior exposure was

•2 weeks
•3 weeks
•4 weeks
•5 weeks
•6 weeks
•7 weeks
•≥8 weeks
•≥12 weeks

Int J Tuber and Lung Dis:  Kambili et al, July 2022



Case study - new immigrant with abnormal CXR
•62-year-old Asian male enters U.S. Sept 2022

• Rx TB in Viet Nam 2004-2005
• Screened overseas prior to entry
• Evaluation in U.S. 

• Smear negative, Xpert positive, rifampin resistance detected

• What additional information do we need?

• What is the diagnosis?



Case Study new immigrant with abnormal CXR
• 62-year-old Asian male enters U.S. Sept 2022

• Rx TB in Viet Nam 2004-2005
• 9 months including Injectable
• DOT, ? Urine orange (rifampin) ? Adherence? Cured?

• What concerns are there?
• Non-standard regimen
• INH, ethambutol and PZA compromised as well as streptomycin
• Additional resistance?

• Moxifloxacin – probably not but possible
• Linezolid - very likely isolate is susceptible
• Bedaquiline - very likely isolate is susceptible
• Pretomanid - very likely isolate is susceptible

• Screened overseas prior to entry
• Results of CXR and sputum smears/cultures

• Evaluation in U.S. 
• Smear negative, Xpert positive, rifampin resistance detected



Case study new immigrant with abnormal CXR

•Overseas screen
• CXR May 2022

• Linear opacity LUL

• Sputum x 3 smear and 
culture negative

• Asymptomatic
•Plan: follow up in U.S. 
on arrival



Case study new immigrant with abnormal CXR
•CXR September 2022

• Smear negative x 3

• Xpert + MTB, + rifampin R
• Probe E dropout –
• not sent for MDDR (Quest Lab)

• New cavity LUL



Case Study new immigrant with abnormal CXR
•62-year-old Asian male enters U.S. Sept 2022

• Rx TB in Viet Nam 2004-2005 - 9 months including Injectable

• What concerns are there?
• Non-standard regimen
• INH, ethambutol and PZA compromised as well as streptomycin
• Additional resistance?

• Moxifloxacin – probably not but possible
• Linezolid - very likely isolate is susceptible
• Bedaquiline - very likely isolate is susceptible
• Pretomanid - very likely isolate is susceptible

• Evaluation in U.S.: Smear negative, Xpert positive, rifampin resistance detected
• New CXR with cavity

• What is diagnosis?



Case Study new immigrant with abnormal CXR
•What is diagnosis?

• Active TB disease
• New radiographic change (cavity) and positive Xpert 
• With smears negative x 6 and only one of two + Xpert very likely low numbers of 

mycobacteria in sputum
• Very possible that all cultures will be negative 
• Likely will diagnosis at least as culture negative TB

•What should we treat with?
• Drugs unlikely that mycobacteria are resistant to

• Best option: BPaLM

•Follow for CXR improvement, clinical improvement 
(may be subtle), and to see if cultures turn positive
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