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Challenge: more recent data needed from many countries

Global Surveillance of Antituberculosis-Drug Resistance

Objectives: to estimate the magnitude and determine trends in drug resistance
- Statistically representative of the study population
- New/previously treated cases
- Quality-assured results
- Periodic or continuous

• 160 countries with >97% 
of world’s population and TB cases
• Global estimates: 
% new cases with MDR/RR: 4.1
% previously treated with MDR/RR: 19 

From: Geneva, World Health Organization



Challenges: 
Periodic surveys versus continuous surveillance systems

Challenge: moving from periodic surveys to continuous surveillance systems 

Rifampicin 
testing result for 

≥ 80% 
bacteriologically 

confirmed 
new cases

Nationally representative 
sample of patients

From: Geneva, World Health Organization



Challenges: 
Second-line resistance among MDR-TB patients

Challenge: data needed for other drugs beyond rifampicin
From: Geneva, World Health Organization



Survey: transition to molecular screening

Challenges: limited culture capacity, logistics, reproducibility for some drugs, universal access to DST

Tahseen S, INT J TUBERC LUNG DIS 20(4):448–455, 2016

• Valid Xpert results: 91.7% vs valid phenotypic DST: 80.7%
• RIF-R > Sensitivity of Xpert: 92.3% vs sensitivity of phenotypic DST: 96.2%
• Xpert specificity close to 100% (one silent mutation)
• Discordances were resolved by sequencing



Survey: role of genome sequencing

• Overcomes challenges of phenotypic-based surveillance by 
allowing testing
• of a greater range of drugs 
• in less time
• for more countries

• Simplified sample transport 
• Large high-throughput 
• bypass the need of laboratory capacity for culture and 

susceptibility testing

• Additional information beyond prevalence of resistance
• Other genotypic information, e.g. transmission
• Future analyses to explore the potential of new 

diagnostics and new drugs



Survey: role of genome sequencing
A multi-country population-based study

• Multi-partner project coordinated by WHO                                   
NTPs, Supranational TB Reference Laboratories (SRLs), BMGF, USAID, TB Alliance

• Representative surveys of TB patients already conducted in seven 
countries 

Azerbaijan, Bangladesh, Belarus, Pakistan, Philippines, South Africa, Ukraine

• Interpretation of mutations: standardised approach for grading 
mutations in M tuberculosis in terms of their association with drug 
resistance (Miotto et al, Eur Respir J. 2017 Dec 28;50(6))

rpoB, katG, inhA, fabG promoter, pncA, gyrA, gyrB, rrs, and eis genes

• Pooled distributions for the sensitivity and specificity of genotypic 
method were obtained using random effects modelling after logistic 
transformation and use of a restricted maximum likelihood 
estimator

• Prevalence of resistance estimated by sequencing obtained 
correlating the apparent prevalence of resistance (sequencing) and 
the true prevalence of resistance (bias-corrected phenotypic 
testing). Uncertainties about sens, spec and sampling propagated 
using a Bayesian model
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Prevalence of resistance estimated through sequencing 
compared with phenotypic testing

blue as means and 95% confidence intervals
red as means and 95% credible intervals from the Bayesian model
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EVIDENCE
Large overlap between resistance determined by 

genetic sequencing, after adjustment for sensitivity, 
and the true prevalence of drug resistance

✓ Genetic sequencing can be a valuable surveillance 
tool to accurately predict drug resistance in low-
income and middle-income countries

✓ Accuracy of genetic sequencing is very good at 
predicting phenotypic resistance to rifampicin, 
isoniazid, the fluoroquinolones, and (among 
rifampicin-resistant cases) injectable drugs

✓ We considered the phenotypic test to be the gold-
standard test, BUT… False-negative phenotypic test 
results carrying graded mutations



Incorporating sequencing into surveys

12,000 samples from 13 countries

Azerbaijan
Bangladesh
Belarus
Djibouti
Pakistan
Philippines
South Africa
Ukraine
DR Congo 
Eritrea 
Eswatini
Ethiopia 
Indonesia

Courtesy of: Geneva, World Health Organization



DRS algorithm:
Whole genome sequencing of culture isolates 

*LPA

*smear microscopy

*NTM ID by sequencing

*100% RIF-R, XX% RIF-S

Courtesy of: Geneva, World Health Organization



*NTM ID by sequencing

DRS algorithm:
Targeted deep sequencing on sputum samples

*100% RIF-R, XX% RIF-S
**Deeplex MycTB (Genoscreen)

*or  other transport solution

Courtesy of: Geneva, World Health Organization



Implementation of NGS:
Challenges and advantages
CHALLENGES
➢ Capital investment
➢ Infrastructure: Laboratory areas, power supply, 

environment
➢ Equipment: NGS platform-specific, local distributors
➢ Procedures: Development of SOPs
➢ Computing: Hardware/software, storage solutions
➢ Training: Laboratory and bioinformatics
➢ Technical assistance: Manufacturers and implementing

partners
➢ Quality assurance: Internal (validation, standards)/ 

External (PT)
➢ Data analysis and interpretation: Standardization, user-

friendly pipelines
➢ Nomenclature and reporting: Standardization, supportive 

to clinical decisions
➢ Costs: Cost-benefit analysis, funding, sustainability

ADVANTAGES
✓ Time to result: diagnostic and surveillance pros
✓ Costs (considering: identification, full DST, typing, 

outbreak investigation)
✓ High sensitivity (improving)
✓ Potentially WGS from sputum specimens (tNGS

adopted yet): improved biosafety and logistics
✓ User-friendly interpretation of sequencing data (no 

skills, no IT infrastructure)
✓ Higher resolution for epidemiological analyses
✓ Research outcomes: discovery of new drug

mechanisms and relevant mutations; studies on genetic
variability (vaccines?)

✓ Data repository
✓ Multi-disease platforms



Global data platform at WHO
For surveillance of drug-resistant TB by sequencing

Courtesy of: Geneva, World Health Organization

• Cloud-based software at WHO (from March 2019)

• Adapted from multi-partner ReSeqTB (relational sequencing platform), hosted by Critical Path Institute

• To support countries with:
• Analysis through standardized pipeline 
• Interpretation of mutations by expert knowledgebase 
• Linkages with patient data and phenotypic results
• Safeguarding of data (ownership of data always remains with countries)

• A “living” platform – interpretation updated as new information become available

• Can inform future policy on sequencing and other diagnostics

• Initial focus on surveillance, to be rapidly expanded to clinical management



Conclusions

✓ Genome sequencing is a valuable tool for surveillance of drug resistance in resource-poor settings and could potentially 
replace phenotypic testing in drug resistance surveys

- Use of genome sequencing for broader surveillance of antimicrobial resistance is encouraged

✓ Establishment of a comprehensive continuous surveillance system for drug resistance, even in settings with limited 
laboratory capacity

✓ For drugs with suboptimal sensitivity of genome sequencing compared with phenotypic testing in the general patient 
population, the true prevalence of drug resistance can be determined using a relatively simple statistical adjustment

- Bridge the gaps in the determination of the whole spectrum of conferring-resistance mutations by developing global 
repositories (e.g. ReseqTB; Cryptic)

✓ Genetic DST can be implemented in real-life scenarios (population-based surveillance in low-, middle- income settings)
- Capacity building and continuous assistance



Next steps

✓ Development of in-country capacity for molecular biology and bioinformatics

✓ Development of low-cost and automated DNA extraction methods to enable direct sequencing from patient samples

✓ Development of kit-based and automated methodologies for sequencing

✓ Development of interpretation tools not requiring sophisticated infrastructure and skills 

✓ Harmonization of quality standards and analysis pipelines

✓ Link to clinical decision and surveillance systems

✓ Design surveys to investigate proportions of resistance to PZA and SLDs (currently, insufficient power → wide CIs)

✓ Consider also clinical outcome data (given the suboptimal reliability of pDST)
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