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Whole genome sequencing
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Advantages of WGS

• Screening all resistance determinants

- higher sensitivity than LPA alone (81.6% vs. 85.1%)

• Characterising mutations as benign 

(e.g., 83% of rpoB I491F – phenotypically susceptible)

- information of which drugs to be given

• DST for additional (novel) drugs at no additional cost

- helpful when designing new treatment regimens

• Outbreak detection 

- potentially adding to local tuberculosis control



Lancet Respir Med 2016;4:49-58.

Sputum collection MGIT positive

WGS

Routine workflow
(identification, DST, MIRU-VNTR)
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Sensitivity 95%
Specificity 98%



WGS predicted DST with 93% accuracy.
(95% CI 91–95; 628 of 672 specimens; 168 MTBC specimens identified)

WGS linked 15 of 91 UK patients to an outbreak in 9 clusters.

WGS diagnosed a case of MDR-TB before routine diagnosis was completed.

Lancet Respir Med 2016;4:49-58.



Sputum collection MGIT positive

WGS

Routine workflow
(identification, DST, MIRU-VNTR)

Median of 9 days

Median of 31 days
Median of 25 days (without MIRU-VNTR)

Comparison of timeline
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WGS, hope or hype?



NEJM 2014;371.

REMoxTB Control group 2HREZ / 4HR

INH group 2HRMZ / 2HRM

EMB group 2MREZ / 2MR

OFLOTUB Control group 2HREZ / 4HR

GFX group 2HRGZ / 2HRG

RIFAQUIN Control group 2HREZ / 4HR

4M group 2MREZ / 2M + P (twice weekly)

6M group 2MREZ / 4M + P (once weekly)



PLoS One 2016;11:e0159827.



건강검진에서 발견, 무증상

AFB stain (-)

AFB culture : M. tuberculosis

DST : no resistance

2HREZ/4HR

객혈로 내원

AFB stain : 4+

AFB culture : M. tuberculosis

DST : no resistance

2HREZ/4HR

VS



INT J TUBERC LUNG DIS 2016;20:1522–8.

FQ- based regimen (n=597)
Standard regimen (n=469)



Rate of unfavorable outcomes

Non-cavitary, total

Non-cavitary + Daily FQ use

Non-cavitary + Replacing EMB

INT J TUBERC LUNG DIS 2016;20:1522–8.
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Control Mpm/Clv
P-value

(n=168) (n=96)

Male 49.7% 56.3% 0.31

Age, years, median 32 34 0.79

HIV-positive 3.1% 9.0% 0.04

Bilateral disease + cavity 31.7% 53.8% 0.001

Smear-positive 63.0% 88.5% < 0.0001

Culture-positive 98.7% 100.0% 0.53

Drug resistances, number, median 5 8 < 0.0001

XDR 6.0% 49.0% < 0.0001

Linezolid use 24.5% 55.6% < 0.0001

Delamanid use 0.0% 1.1% 0.40

Bedaquiline use 1.4% 9.5% 0.008

Surgical treatment 4.2% 15.2% 0.002

Mpm/Clv use, days, median 85

Patient`s characteristics

Eur Respir J 2016;47:1235–43.



Control Mpm/Clv
P-value

(n=168) (n=96)

Sputum smear conversion 98.0% 94.8% 0.35

Sputum culture conversion 100.0% 94.8% 0.05

Time to culture conversion, days 42 44 0.81

Treatment success 68.5% 57.3% 0.07

AEs possibly d/t Mpm/Clv 6.5%

Outcomes and adverse events

Eur Respir J 2016;47:1235–43.
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Imipenem Meropenem Ertapenem Doripenem

bid ~ qid bid ~ tid bid ~ tidqd

Image from google.com
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Methods

• Retrospective study

• MDR-TB patients with intolerance to SLD, XDR-TB

• Ertapenem 1g once daily

• Measurement : pharmacokinetics and safety profile

n=18

Age, years, mean 29

Male 44.4%

Duration of ertapenem, days, mean 77

Mfx / SLID / Lzd use 94.4% / 88.9% / 88.3%

Sputum culture conversion 100%

Cured 83.3%

Loss to follow-up 16.7%

Clinical characteristics and treatment outcomes

Eur Respir J 2016;47:1229-34.



Mean AUC0–24: 544.9 h∙mg/L • 91.7% (11 of 12) of patients  

exceeded 40% tfree>MIC (0.25mg/L)

• 75.0% (9 of 12) of patients

exceeded 40% tfree>MIC (0.5mg/L)

Adverse Events
Ertapenem discontinuation d/t adverse events (n=3) 
• Allergic fever
• Elevated ALT (unrelated with ertapenem)
• Line sepsis (unrelated with ertapenem)



Clin Infect Dis 2016;62:887-95.



Surgery NS1 NS2

(n=478) (n=3760) (n=2193)

Male 61.6% 69.8% 66.1%

Age, year, mean 37.0 39.4 37.6

Length of therapy, month, median 24.4 17.8 18.0

Extensive (smear + or cavity) 85.3% 76.3% 75.1%

XDR-TB 8.6% 5.1% 2.1%

Pneumonectomy 24.5%

Partial lung resection 47.9%

Lung resection, not specified 27.6%

Surgery after culture conversion 58.7%

Treatment success 69% 60% 51%

Treatment failure 10.3% 7.6% 12.0%

Death 8.4% 12.8% 13.9%

Loss to follow-up 11.7% 30.6% 22.4%

Patient`s Characteristics (simple pooled)

Clin Infect Dis 2016;62:887-95.



Multivariable analysis
OR (95% CI)

XDR-TB (vs not XDR) 0.4 (0.2 – 0.9)

4 effective drugs (vs 0-2) in cont. phase 3.4 (1.0 – 11.6)

Partial lung resection 3.3 (1.8 – 6.2)

Surgery after culture conversion 2.6 (0.9 – 7.1)

Factors associated with Tx success in surgery group  

Clin Infect Dis 2016;62:887-95.

Clin Infect Dis 2016;62:887-95.



Eur Respir J 2016;48:582-4.



Methods

• Retrospective study

• MDR-TB patients in French referral TB center (2006-2014)

Bdq group : treated for ≥ 30 days with Bdq + not received Fq

(or received Fq while high-level Fq resistance)

Fq group : treated for ≥ 30 days with Fq + not received Bdq

• All patients received SLID and Lzd for ≥ 30 days 

• 48% of patients had pre-XDR or XDR-TB



Bdq group Fq group
P-value

(n=25) (n=42)

Male 96% 62% 0.001

Prior TB treatment 92% 55% 0.002

Bilateral disease 100% 76% 0.010

Susceptible drug in DST, median 5 8 < 0.001

Lung cavity > 0.05

Sputum smear > 0.05

Ethambutol use 28% 59% 0.022

Ethionamide use 20% 48% 0.036

Clofazimine use 32% 5% 0.004

Carbapenem/Clv use 48% 2% < 0.001

Clinical characteristics

Eur Respir J 2016;48:582-4.



Bdq group Fq group
P-value

(n=25) (n=42)

3M culture conversion 44% 77% 0.02

6M culture conversion 96% 93% > 0.05

Outcomes

Median 60 days Median 98 days

P = 0.005

Factors associated with

faster TTC (multivariable analysis)

• Absence of lung cavities

• Negative sputum smear at

treatment start

• Female sex

• Not associated with Fq use

Eur Respir J 2016;48:582-4.

Fq Bdq



Lancet Respir Med. 2017;5:259-68.



TST IGRA

• Rich data and evidences
• Cheap

• Specific
• Single visit
• No booster effect
• Objective measure

• False positive (eg, BCG, NTM)
• Subjective measure
• Need return visit
• Booster effect

• Expensive
• Operator error 

(complex laboratory test) 

TST vs. IGRA



Respir Med. 2016;111:77-83.



Age group, years
Contacts of TB Non-TB

P-value
(n=188) (n=46)

18-39

Positive TST 34% 14% 0.101

Positive T-spot.TB 29% 5% 0.031

40-59

Positive TST 52% 18% 0.051

Positive T-spot.TB 52% 9% 0.009

≥ 60

Positive TST 40% 57% 0.369

Positive T-spot.TB 55% 42% 0.554

Contact investigation of PNUH 

Not published data



TST IGRA

• Rich data and evidences
• Cheap

• Specific
• Single visit
• No booster effect
• Objective measure

• False positive (eg, BCG, NTM)
• Subjective measure
• Need return visit
• Booster effect

• Expensive
• Operator error 

(complex laboratory test) 

TST vs. IGRA

C-Tb skin test
(Recombinant ESAT-6 and CFP10)

Image from google.com

Operational advantage High specificity



(p<0.0001)

Concordance 
94%

Lancet Respir Med. 2017;5:259-68.



BCG vaccination (-) BCG vaccination (+)

Lancet Respir Med. 2017;5:259-68.



Clin Infect Dis. 2017;64:309-16.

M. abscessus subspecies abscessus lung disease

• Highly drug-resistant
- Inducible macrolide resistance (erm gene (41))
- Acquired macrolide resistance (rrl gene mutation)

• Sputum culture conversion rates : 25%-42%
• High recurrence rate

• C28 sequevar
- erm(41) gene T28C
- nonfuntional erm(41) gene → susceptible to clarithromycin



Clin Infect Dis. 2017;64:309-16.

ABx treatment for ≥ 12M, 2002-2012
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Genotypic analysis revealed that most episodes (22/24, 92%) of

persistently positive cultures during antibiotic treatment and all cases 

of microbiologic recurrence after treatment completion were

caused by different M. abscessus genotypes within a patient.

CONCLUSION

• Precise identification to the subspecies level and analysis of

mycobacterial characteristics could help predict treatment outcomes

in patients with M. abscessus lung disease. 

• Treatment failures and recurrences are frequently associated with

multiple genotypes, suggesting reinfection.
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