
Distinguishing drug-sensitive 
from drug-resistant tuberculosis

Pauline Howell
12 Sep 2020





XDR-TB in Tugela Ferry, KwaZulu-Natal

• This was an outbreak of XDR-TB in Tugela Ferry, KwaZulu-
Natal Province, South Africa. 

• From January 2005 to March 2006, 221 MDR-TB cases were 
identified in Tugela Ferry, of whom 53 (23%) were also 
resistant to kanamycin and ciprofloxacin.

• Half of the patients had never previously received anti-TB 
treatment. 

• Of the 53 patients, 44 were tested for HIV and all were found 
to be HIV-positive. 

• Mortality was extremely high: 52 (98%) of the patients died 
within a median range of 16 days of initial sputum collection, 

• 15 (28%) were receiving treatment with antiretroviral drugs 
(ARVs).

Lancet 2006; 368:1575-80
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1. What is drug resistant TB?



Very Simplified

• There are “killer drugs” (bacteriocidal)

• Rifampicin

• INH

• Fluoroquinolones

• Second line injectable drugs (SLID)

• There are “supportive drugs” (~bacteriostatic)

• PZA/Eto/Pto/TZD/EMB/PAS/etc

• Resistance to a killer drug changes the TB “name”

• Traditionally: 2 killers + number of supporters (depending on type of TB) 
with intensive phase for at least 6 months, and continuation phase 
afterwards for up to an additional 18 months.
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2. What is the current situation?











Low Treatment Success and High Mortality

MDR TB: 50% treatment success, 16% death XDR TB: 24% treatment success, 30% death

WHO Global TB Report 2015

Big difference DS/DR tuberculosis



Epidemiology

• Rifampicin-resistant tuberculosis is a major cause of M&M 
worldwide, with estimated 580 000 new cases/year

• Until recently, success in only 50% of pt’s STARTED on Rx

• WHO released 6 guidelines since 2018 – rapidly changing field!

• South Africa has the 5th highest incidence of RR-TB in the world, with 
19 000 cases detected in 2016.

• 65% of diagnosed cases initiate treatment, but only 50% have 
successful outcomes

Big difference DS/DR tuberculosis
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How does SA compare?

With thanks to Dr Norbert Ndjeka



Difference DS/DR tuberculosis



3. How do you get DR-TB?



How does resistance to TB medicines happen? 

• Acquired resistance (secondary resistance)

• Patients with drug sensitive TB can’t or don’t  take 
medications as required

• Resistant mutants are selected for during treatment

• Transmitted resistance (primary resistance)

• Infecting organisms are already resistant

24



Contributing factors to the development of DR-TB

WHO 2014





4. Tuberculosis infection and 
disease





• Prospective cohort (2010 – 2013) in Peru

• A total of 35/1,055 (3.3%) household contacts of 213 MDRTB index cases developed 

tuberculosis disease, while 114/2,362 (4.8%) household contacts of 487 drug-

susceptible index patients developed tuberculosis disease

• After adjustment for potential confounding variables, the risk for developing active 

TB was nearly 50% lower among contacts of MDR-TB patients than among contacts 

of DS-TB patients (hazard ratio, 0.56; 95% confidence interval, 0.34–0.90).



• Prospective cohort study in Peru over 3 years (Sep 2009 – Sep 2012)

• To measure the association between phenotypic drug resistance and the risk of 

tuberculosis infection and disease among HHCs of patients with PTB.

• 10 160 household contacts of 3339 index patients with TB were classified on 

the basis of the DSTof the patient: 

• 6189 were exposed to DS-TB 

• 1659 to strains resistant to isoniazid or rifampicin

• 1541 to strains that were MDR-TB

• Positive TST and incidence of active disease (smear pos/CXR) after 12/12

• Results: HHC exposed to MDR had an 8% (95% CI 4% to 13%) higher risk of 

infection by end of 12/12 vs HHC exposed to DS-TB (Hazards ratio didn’t differ)

• Conclusion: HHC of MDR-TB increased risk of infection. Risk of TB disease did 

not differ.

• NB: early detection and effective treatment of infection and disease.

Possible difference DS/DR tuberculosis



TB Disease

Signs and Symptoms:
• Cough of any duration

• Constant fatigue

• Fever

• Night sweats (drenching)

• Chest pain

• Haemoptysis

• Loss of appetite

• Weight loss

No difference DS/DR tuberculosis



Chest X-ray

• Abnormalities often seen in apical or 

posterior segments of upper lobe or 

superior segments of lower lobe

• May have unusual appearance in HIV-

positive persons 

• Cannot confirm diagnosis of TB

Arrow points to cavity in 

patient's right upper lobe.

No difference DS/DR tuberculosis



Diagnosis of TB

• Medical history and physical exam

• Chest X-ray 

• Microbiological
• Sputum smear microscopy 

• Molecular

• Sputum culture

• Drug susceptibility testing

• (Genome sequencing)

Some differences DS/DR tuberculosis



Microscopy 

• Acid fast bacilli visualized on a slide may represent Mtb or NTM

• High bacterial load 5,000-10,000 AFB /mL is required for detection 

• Often referred to as ‘smear’/’direct’

• Results should be available within 24 hours of specimen collection

• Labour intensive – manually count all the bacilli in a field.

• Presumptive diagnosis of TB



Culture 
• Gold standard

• Can detect as few as 6-10 (liquid) to 100 (solid) AFB / mL

• Drug susceptibility testing (‘phenotypic testing’)

• Species identification. 

• There are three types of traditional culture media:
• Egg based (Lowenstein-Jensen), 

• Agar based (Middlebrook 7H10 or 7H11), and

• Liquid (Middlebrook 7H12 and other commercially available broths).

• Growth in liquid media is faster (one to three weeks) than growth on 
solid media (three to eight weeks)



GeneXpert MTB/RIF 

• Detects ~130 AFB/ml; GXP Ultra ~36 AFB/ml

• Originally developed by Cepheid to detect anthrax after attacks in 
2001 and were installed in post offices throughout the US.

• Automated real-time nucleic acid amplification technology (PCR) for 
rapid and simultaneous detection of tuberculosis

• Rifampicin resistance only (currently!)

• GXP Ultra: sensitivity was up to 17% higher than Xpert MTB/RIF 
(sensitivity seen in smear-negative, culture-positive, and HIV-
positive TB patients);  false positives due to detection of non-viable 
TB bacteria.



Laboratory Diagnosis & Interpretation of Test 
Results

• Patient with signs and symptoms of TB: Send specimen for GXP (1 to 
several days)

• If MTb pos + Rifampicin resistance --> reflex testing

• Reflex testing (7-21 days) SEND SECOND SPECIMEN:

• If smear pos: 1st line LPA + 2nd line LPA + culture

• If smear neg: 1st line LPA + culture. If culture pos: 2nd line LPA

• (Based on results of 1st and 2nd line LPAs – additional phenotypic testing)

• Ongoing surveillance will determine need for upfront phenotypic 
testing for BDQ/DLM/LZD and/or CFZ (4-12 weeks)

• Individualized Extended Phenotypic DST can be requested when 
failing DR-TB regimen with previous exposure to second line drugs.

First Line: Rifampicin

Isoniazid

Second Line: FLQ

Injectables



Molecular tests 

• ‘Line Probe Assay’ (LPA) - Based on reverse hybridization of DNA 
on the strip

• LPA ~170 bacilli/ml

• The assay MTBDRplus is a molecular probe capable of speciating
(M.tb) and detecting resistance to: 

• Rifampin (rpoB) 
• Isoniazid (katG and inhA)

• Second line LPA
• Fluoroquinolones
• Second line injectable drugs (SLID)

• Advocated for use in smear positive samples
• Smear positive sample – sensitivity 98%
• Smear negative sample – sensitivity 72-77%



Treatment: Bactericidal vs. Bacteriostatic

• Sensitive TB treated with:

1. Rifampicin (R)

2. Isoniazid (H) or (INH)

3. Pyrazinamide (Z) or (PZA)

4. Ethambutol (E) also (EMB)

• RHZE for 2/12 (Rifafour)

• RH for 4/12 (Rifinah)

• If no DST available, treat as DS-TB, but suspect resistance if poor 
response to treatment with good adherence.

Difference DS/DR tuberculosis



Defer ART when have TB

No difference DS/DR tuberculosis
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Cost of Diagnosis and Treatment of DR-TB

• Assuming adherence to national drug resistant TB 
management guidelines, the per patient cost of XDR TB in 
South Africa has been estimated to be $26,392 (R387000), 
four times greater than MDR TB ($6,772 ~R99200) and 103 
times greater than drug sensitive TB ($257 ~R3800). 

• Despite drug resistant TB comprising only 2.2% of the case 
burden, it is estimated to have consumed approximately 32% 
of the total estimated 2011 national TB budget of US$218 
million. But it is still said to be underfunded.

“It is grossly underfunded. Not enough money is put into 
research, innovation, implementation. The fight against TB is 
struggling.” Dr Sanni Babutunde, WHO head of TB programme



5. History of drug-resistant 
tuberculosis



Historically…?
(Where are we coming from)

44



Conventional/longer regimens for MDR-TB 

• Usually between 20-24 months, with 2 phases

• Intensive phase (4mo after culture conversion ~ 6mo)

• Fluoroquinolone (Moxifloxacin)

• Injectable agent (Amikacin, Kanamycin or Capreomycin)

• PZA 

• Ethionamide 

• Terizidone/Cycloserine

• Ethambutol (depends on local prevalence of resistance)   

• Continuation phase

• Fluoroquinolone (moxifloxacin)

• PZA 

• Ethionamide 

• Terizidone/Cycloserine

• Ethambutol (depends on local prevalence of resistance)   

45





Problems/challenges with DR-TB treatment?



ADR Drugs ADR Drugs

Skin reactions CFZ Nausea & Vomiting Eto/Pto/CM/PAS/E/

Z

Seizures CS/TZD/FQs Gastric PAS/Eto/Pto/E/Z

Peripheral 

Neuropathy

CS/TZD/injectables

/Eto/Pto/INH/FQs

Hepatitis Z/FQs/PAS/EMB/Eto

/Pto

Hypothyroidism PAS/Eto/Pto Renal 

failure/nephrotoxicity

Injectables

Ototoxicity Injectables Optic Neuritis E

Psychosis CS/TZD/FQs/Eto/ 

Pto

Arthralgia/arthritis FQs/Z

Depression CS/TZD/FQs/CM/ 

Eto/Pto

Electrolyte 

disturbances

(hypokalaemia/ 

hypomagnesaemia)

Injectables





So…

• We agree that this DR-TB treatment is too long, too toxic and only 
works about half the time with perfect adherence…

• STREAM – 1st RCT in DR-TB started in 2012

• Based on Bangladesh regimen: A prospective observational study 
conducted in Bangladesh reported a cure or treatment completion 
rate of 84.5% in 515 patients 



Bangladesh regimen–Intensive Phase

• High dose fluoroquinolone 

(Moxifloxacin/ Gatifloxacin) 

• Injectable agent (Amikacin, 

Kanamycin or Capreomycin)

• PZA 

• Ethionamide/Prothionamide

• High dose INH

• Clofazimine   

• Ethambutol



Bangladesh regimen–Continuation Phase

• High dose fluoroquinolone (Moxifloxacin/Gatifloxacin) 

• PZA 

• Clofazimine   

• Ethambutol

• No injectable

52





STREAM 1 Results
• The 9–11-month regimen was statistically non-inferior to the 20-month 

regimen in terms of efficacy.

 79.8% of patients on the 20-month regimen had a favorable outcome 

 78.8% of patients on the 9-11 month regimen had a favorable 
outcome

• There was no evidence that efficacy results were worse in HIV-infected 
participants than the results for HIV-negative participants.

• The STREAM 9–11-month regimen presents substantial advantages, 
despite the ECG monitoring required. The 9–11-month regimen reduces 

treatment times, may improve retention under programmatic 

conditions, and reduces the overall pill burden for patients.

• There were very similar rates of severe adverse events between the 
short and long regimens: 48.2% of participants on the 9-11 month 
regimen vs. 45.4% on the 20 month regimen.

• Research is ongoing into ways of improving the nine-month regimen in 
STREAM Stage 2. 



• For most patients with MDR-TB, a 
shorter regimen (9-12 months) 
can be used instead of a longer, 
conventional regimen 

New WHO recommendation for shorter 
regimens - 2016

55

But:  WHO’s recommendation acknowledges that 

additional evidence is required 
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Ideal DR-TB Rx Regimen?



6. Current DR-TB treatment



So where are we now?
• BCAP in 2013 --> DoH guidelines in 2015 to substitute injectables 

with Bedaquiline (BDQ)

• Retrospective analysis of impact of access to BDQ on RR-TB and XDR-
TB outcomes with SA demonstrated 4x reduction in mortality

• Therefore June 2018 NDoH decided to replace SLID with BDQ to 
make injection free regimens for all patients presenting with RR-TB

• As of Jan 2019, ~15000 patients have received BDQ under 
programmatic conditions

• SA DoH – Management of Rifampicin-resistant tuberculosis 
guidelines updated again in April 2019, and handbook for Nov 2019

• Modified short regimen for RR-TB

• New longer regimens for RR-TB on core backbones individualized based on 

• Age  (<6 yrs)

• FQ resistance

• Site (i.e. CNS disease)



Short vs Long?



Short Course



Medicines recommended for the treatment of 
multidrug-resistant TB

Group A:

Include all three medicines 

(unless they cannot be used)

Levofloxacin/Moxifloxacin

Bedaquiline

Linezolid

Group B:

Add both medicines (unless 

they cannot be used)

Cycloserine / Terizidone

Clofazimine

Group C:

Add to complete the regimen 

and when medicines from 

Groups A and B cannot be 

used 

Ethionamide / Prothionamide

Ethambutol 

Delamanid

Pyrazinamide

Imipenem-cilastatin / Meropenem

Amikacin

p-aminosalicylic acid (PAS)
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Implementation of short course in SA

With thanks to Dr Norbert Ndjeka

#kanamustfall



Injectable vs BDQ in MDR and XDR-TB (2016)

With thanks to Dr Norbert Ndjeka



Short Regimen Outcomes: Injectable vs BDQ

With thanks to Dr Norbert Ndjeka



XDR outcomes: Injectable vs BDQ

With thanks to Dr Norbert Ndjeka



7. What’s coming?





Promising drugs 

• New Drugs 

• Bedaquiline 

• Sutezolid (Oxazolidenone)

• TBI-223 (Oxazolidenone)

• Pretomanid

• Delaminid

• Re-purposed: 

• Linezolid 

• Clofazimine  



Bedaquiline (TMC-207)

• BDQ is diarylquinoline compound with a new mechanism of 
antituberculosis action by specifically inhibiting mycobacterial ATP 
synthase 

• First new TB drug registered in 50 years! (SA – 2015)

• Approved as an add-on to SOC in many countries, starting 2012



Diacon, NEJM, 2015

Bedaquiline

Conditional 
approval: FDA 
MCC: 2014
India 
Black box 
warning



Pretomanid



DR-TB Drug interactions with ART

• Bedaquiline – cannot give with EFV. Can use NVP/Aluvia/DTG (normal 
doses)

• Linezolid – can cause significant bone marrow suppression. Don’t give 
with AZT

• SLID – can cause renal dysfunction. Ideally not with TDF

• No significant interactions: DLM/Pretomanid/Fluoroquinolones/CFZ





TB-PRACTECAL regimens rationale

• At least one new class

• At least 3 and max 5 effective drugs

• Effective against MDR and XDR strains

• 6 - 9 months

• Oral

• Simple dosing schedule

• Good side effect profile, limited monitoring

• Minimal interaction with antiretrovirals

80



3 Investigational Arms:

 Bedaquiline + pretomanid + linezolid

 Bedaquiline + pretomanid + linezolid + moxifloxacin

 Bedaquiline + pretomanid + linezolid + clofazimine 

Control arm: Locally accepted standard of care which is consistent with the 

WHO recommendations for the treatment of M/XDR-TB

A RANDOMISED, CONTROLLED, OPEN-LABEL, PHASE II-III TRIAL TO EVALUATE THE SAFETY AND EFFICACY OF DRUG 

REGIMENS CONTAINING BEDAQUILINE AND PRETOMANID FOR THE TREATMENT OF ADULT PATIENTS WITH PULMONARY 

MULTIDRUG RESISTANT TUBERCULOSIS

81





Patients with XDR-TB, Pre-XDR-TB or who have failed 
or are intolerant to MDR-TB Treatment

Nix-TB Pilot Phase 3 Trial in XDR-TB

Pretomanid 200 mg qd

Bedaquiline  200 mg 

tiw after 2 week load

Linezolid 1200 mg qd*

Sites 

Sizwe Hospital, Johannesburg, South Africa

Brooklyn Chest Hospital, Cape Town, South Africa

King Dinuzulu Hospital, Durban, South Africa

6 months of treatment

Additional 3 months if sputum 

culture positive at 4 months

XDR-TB

Follow up for 

relapse-free cure 

over 24 months

*Amended from 

600 mg bid strategy

83



Nix Results



85

• Linezolid likely responsible for most adverse events and all dose 
modifications

• 50 patients interrupted and resumed treatment at same or lower 
dose

• 33 patients permanently discontinued linezolid, with all surviving 
patients (27) completing treatment
• Peripheral neuropathy most common reason for discontinuing linezolid 

• 34 patients had no linezolid dose interruptions

• Myelosuppression requiring interruption or reduction generally in 
the first 2-3 months

• Neuropathy requiring interruption or reduction generally in 
months 4-6

Experience with Linezolid Toxicity



ZeNix: Linezolid Optimization Trial

Pa dose = 200 mg daily; B Dose = 200 mg daily x 8 weeks, 100 mg x 18 weeks

6 months of treatment

Additional 3 months if sputum 

culture positive at 4 months

1o follow up for relapse-

free cure 6 months after 

end of treatment; Full 

f/u 24 mos after end of 

treatment

B-Pa-L

L=1200 mg/d x 6 mos

B-Pa-L

L=1200 mg/d x 2 mos

B-Pa-L

L=600 mg/d x 6 mos

B-Pa-L

L=600 mg/d x 2 mos
Randomize

N=30 XDR-TB  per group AND 

up to 15 pre-XDR or intolerant/non-responsive MDR-TB per group

Patients with XDR-TB, Pre-XDR-TB or who have failed or are intolerant to MDR-TB treatment

86





• In-vitro evidence seems to suggest that when specific inhA mutations are 
detected (and in the absence of any katG mutations), increasing the dose of 
isoniazid is likely to be effective; thus, additional isoniazid to a maximum 
dose of up to 15 mg/kg per day could be considered. In the case of katG 
mutations, which more commonly confer higher-level resistance, the use of 
isoniazid even at a higher dose is less likely to be effective

• An isolated katG or inhA mutation can correspond to variable minimum 
inhibitory concentration (MIC) levels. This implies that inhA mutations do 
not always indicate low-level isoniazid resistance or that katG mutations are 
necessarily correlated with high-level isoniazid resistance. The presence of 
both mutations is usually an indication of high-level resistance.

• The MTBDRplus rapid assay can determine whether both the inhA and katG 
mutations are present, in which case both isoniazid and ethionamide are 
likely to be ineffective and therefore the shorter regimen is not indicated

• The presence of both inhA and katG mutations is a contraindication for the 
use of the shorter regimen. 

inhA and katG mutation info


