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Antibiotic resistance is a major 
threat to public health
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Therapeutics
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Combatting antibiotic resistance
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Adapted from [jpiamr.eu]

My specific interest:
Rapid, robust and affordable 

point-of-care diagnostics 
and surveillance



Traditional diagnostics are slow
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[https://courses.lumenlearning.com]

Microbroth dilution methodCulturing bacteria
[www.promegaconnections.com]

Rapid diagnostics requires avoiding culture

https://courses.lumenlearning.com/boundless-microbiology/chapter/measuring-drug-susceptibility
https://www.promegaconnections.com/culturing-the-unculturable/


DNA sequencing getting faster
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Whole Genome Sequencing

Whole Metagenome Sequencing

Identifying
resistance
genes/mutations

≈ Genome / MetagenomeAnalogy:

≈ Sequencing reads

Like looking for specific words/typos 
in a shredded library



Current paradigm: Gene-based 
diagnostics
• General databases and tools – RESFINDER, CARD, 

NDARO, …

• Specialized – e.g., Mykrobe predictor for Mtb and 
S.aureus
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Limits of gene-based diagnostics

2) SNP calling slow as it 
requires deep coverage
(e.g., for Mtb no faster than 16 hours)

1) Resistance still well 
understood only for few 
pathogen-drug combinations 
(e.g., first-line drugs for Mtb)
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3) Difficult to confidently reject 
a gene presence



Genome-search-based diagnostics
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Observation:
Predicting susceptibility ≠ Identifying resistance mutations/genes

Trick:
Causation ➞ Correlation

How:
Mutation/gene identification ➞ Genome similarity search



If the pathogen belongs here…

…then likely
resistant to tetracycline
susceptible to 

aminoglycosides

Andam & al., J. of Clin. Microbiology, 2017

DNA sequencing +
Genome similarity search
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Streptococcus pneumoniae
Antibiotic resistance

Resistance diagnostics using the 
population structure



Genomic Neighbor Typing

1. Zooming into the population structure 
of a given species

2. Predicting resistance and susceptibility 
based on the closest known relatives
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Nanopore sequencing
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3 key features for 
rapid diagnostics:

1. Portable

2. Streaming

3. Long reads



Short- vs. long-read sequencing

[https://www.seattlepi.com/seattlenews/article/Northwest-icons-under-the-microscope-7229960.php]

~ ~
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RASE: an implementation of Genomic 
Neighbor Typing
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[Břinda, Univ Paris-Est , 2016],
[Břinda, Baym, Kucherov, Genom. Biol., 2021]



RASE databases
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Streptococcus pneumoniae

616 isolates from MA

Resistance data for 5 antibiotics

Neisseria gonorrhoeae

1,102 isolates from USA

Resistance data for 4 antibiotics

[Croucher et al., Nat. Gen., 2013;
Croucher et al., Sci. Data, 2015] [Grad et al., J. of Inf. Dis., 2016]



Results: Resistance diagnostics within 
10 minutes of nanopore sequencing
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Example: S. pneumoniae, a sputum sample



Resistance & susceptibility predicted 
even before resistance genes are 
sequenced
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A multidrug-resistant isolate of S. pneumoniae



Results: overview
• S. pneumoniae isolates – sens/spec 91%/100% (n=30), 5 min of seq

• 5 antibiotics;  2 db isolates + 4 isolates from another state (Philadelphia)
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• S. pneumoniae clinical metagenomic sputum samples
– sens/spec 75%/100% (n=16), 4 hours of sample collection

• 3 antibiotics
• 6 metagenomes from LRI patients from a different continent (Norwich, UK)

• N. gonorrhoeae isolates – sens/spec 81%/100% (n=76), 10 mins of seq
• 4 antibiotics, 5 db isolates + 14 isolates from a different continent 

(Switzerland)



The framework is easy to extend

S. pneumoniae DB
http://github.com/c2-

d2/rase-db-spneumoniae-
sparc

N. gonorrhoeae DB
http://github.com/c2-d2/rase-

db-ngonorrhoeae-gisp

Skeleton for new 
DBs

http://github.com/c2-d2/rase-
db-skeleton

RASE-core
https://github.com/c2-d2/rase

RASE-pipeline
https://github.com/c2-d2/rase-pipeline
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http://github.com/c2-d2/rase-db-spneumoniae-sparc
http://github.com/c2-d2/rase-db-ngonorrhoeae-gisp
http://github.com/c2-d2/rase-db-skeleton
https://github.com/c2-d2/rase
https://github.com/c2-d2/rase-pipeline


Limitations of Genomic Neighbor 
Typing

• Not all species-drugs combinations will work

• Database must be representative

• The species must be sufficiently diverse

• It still 4+ hours
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Could we scale the method to 
millions of genomes?
Several comprehensible microbial corpuses recently 
published:
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How to even get these huge data into your laptop??

661 thousand consistently 
assembled bacteria from 
ENA (805 GB gzip)

425 thousand cleaned de 
Bruijn graphs of microbes 
from ENA (16.7 TB mccortex)



Results: All microbes on a flash drive

Key idea: Using the 
tree of life as a 
biological prior for 
lossless compression
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(joint work with M. Baym, G. Kucherov, Z. Iqbal, R. Chikhi, et al.)

Will continue working on this and other 
projects in Inria (starting from January 2022)



Conclusions

• RASE can predict antibiotic resistance within 
minutes of nanopore sequencing

• Current patient-to-result time: 4 hours
• Approx. 4 hours of sample prep + 10 minutes of 

sequencing

• The RASE method can scale across continents
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