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To study AR mechanisms

To predict SIR (WGS-ASP)

For epidemiological surveillance

• To expand AR mechanisms knowledge 
• To understand genotype-phenotype correlation 

• To guide antibiotic therapies

• To prevent the spread of resistant pathogens

Intrinsic

HGTMutation-
driven

WGS Resistome analysis

Intrinsic resistome. All intrinsic genes, common 
to all taxonomically related bacteria, that 
contribute to phenotypic resistance 

Mutational resistome. all acquired point
mutations within the bacteria intrinsic genes
that lead to phenotypic resistance.

Horizontally acquired resistome
(mobilome): all new resistance determinants
acquired in a bacteria by horizontal gene
transfer”.

Antibiotic resistome
Tim

e constrains 
Martínez JL et al Nat Rev Microbiol 2015
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Conclusions and recommendations:
• Insufficient data to present a definitive document on the topic.
• The quality of data needs to improve and to be assured via more rigorous and ‘standardized’ approaches to data analysis.
• ECOFF should be the primary comparator for WGS-based prediction.
• Performance of different tools should be calibrated against a single global reference database.
• WGS-based approaches may be used to better understand and improve some areas of phenotypic AST.

S. aureus, M. tuberculosis

Enterobacteriaceae (including Salmonella)

S. pneumoniae, N. gonorrhoeae, P. aeruginosa, A. baumannii, C. difficile

• This EUCAST Subcomittee report reviewed the state-of-the-art of WGS-based
AST: 200 published works, late 2015-early 2016.

• Focus on WHO priority: Enterobacteriaceae, Salmonella spp., S. aureus, S. 
pneumoniae, N. gonorrhoeae, M. tuberculosis, C. difficile, A. baumannii and P. 
aeruginosa. 

WGS and susceptibility testing

Currently under revision EUCAST WGS-ASP SubC 2024
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DNA sequencing technologies
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Short vs long reads for antibiotic resistance
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Phenotypic AST vs WGS & TAT: impact on treatment 
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WGS process overview

1 2 3

WET-LAB 

DRY-LAB 4
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X Computationally expensive 
X Time consuming 
X Information loss
 Identification of novel AR genes
 Up/Downstream regulatory elements

X Inflate false-positive predictions
X Completely dependent on databases
X No information of up/downstream genes
 Fast and less computationally demanding 
 AR genes from low abundance microorganisms

Whole Genome Sequencing Whole Metagenome Sequencing

WGS-ASP: Assembly-based or read-based methods?

López-Causapé et al Procedimiento SEIMC 71. 2021 
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Relevance of data quality, analysis and interpretation
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Rules-based and Model-based WGS-ASP

Identify AR determinants 
Horizontally-acquired genes
Cromosomal mutations

Rules-based WGS-ASP      

Correlation to phenotype

Uses AR databases

Uses machine-learning or statistical 
approaches

Performance migth be equivalent,  but model-based approaches do not provide information 
about antibiotic resistance mechanisms

Model-based WGS-ASP      
Entire genome/gene markers associated 
phenotype

Yee R et al Clin Lab Med 2022
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Tools and databases for AR detection
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CARD, ResFinder and AMRFinder databases

 Focus on mobile AR determinants
 Limited allele variants
 Limited chromosomal mutations (e.g. FQ)
 Presence/absence
 Interpretation challenges
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ResFinder in real life

Random selection of clinical isolates obtained during a single day from all clinical 
microbiological laboratories in Denmark.

MALDI-TOF
SensititreTM panels  (except for 7 anaerobic bacteria)
EUCAST clinical breakpoints version 12.0. 

NextSeq 500 sequencing platform 
De novo assembled (max 500 contigs, 0.5 Mbp deviation)
KmerFinder2 and rMLST3
ResFinder 4.04 (min alignment 60%, min identity 90%)
Absence/presence of ARGs/chromosomal point mutations II J
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ResFinder in real life

434 discordances (8.3%)

• 75 in GP (75/1969, 3.8%)

• 359 in GN (359/3260, 11%)

• 326 major error (6.2%)

• 108 very major error (2.1%)

5,229 isolate-ATB combinations

Rebelo AR  et al Front Microbiol 2022 
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The real-time approach was unable to identify allelic variants 

Detected blaSHV were assumed to be non-ESBL blaSHV (β-lactams)
Unable to quantify the number of AMEs
Unable to identify chromosomal mutations (FQ and COL)

Both the real-time and assembly approaches were significantly faster than the standard 
approach 

Oxford Nanopore sequencing (real time, 3rd generation)
(1) Real time approach
(2) Assembly-based approach
(3) Hybrid approach (Illumina+ nanopore)

Rapid WGS-ASP
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Rapid WGS-ASP

II J
ORNADA C

OESANT



Difficulties for assessing phenotypes from WGS

Insufficient knowledge on involved resistance mechanisms

 Impact of genetic background 

 Crossresistances and collateral susceptibilities

Combinations of resistance mechanisms

 Expression related mechanisms (efflux pumps, β-lactamases…)

 Mutation-driven resistance mechanisms

Emerging resistance mechanisms to novel and classical antibiotics  II J
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ESGEM AMRrules

ESKAPEE pathogens
● Enterococcus faecium
● Staphylococcus aureus
● Klebsiella pneumoniae species complex
● Acinetobacter baumannii
● Pseudomonas aeruginosa
● Enterobacter cloacae complex
● E. coli 

Other organisms on the WHO Priority Pathogens list
● Salmonellae, Shigella spp., other Enterobacteriaceae
● Neisseria gonorrhoeae
● Streptococcus pneumoniae
● Haemophilus influenzae
● Helicobacter pylori
● Campylobacter spp.

Other organisms of clinical relevance where 
sufficient expertise and data is available, 
prioritising those with EUCAST Expected 
Resistant phenotypes

1

ESGEM-ESGARS-EUCAST

2

3
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Resistance genotypes vs ECOFF and SIR breakpoints
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The challenge of 
P. aeruginosa antimicrobial resistance

 Intrinsic resistance

Development of (multi)drug resistance during antimicrobial therapy

 Horizontally-acquired resistance (ESBLs and carbapenemases)

 Global dissemination of MDR/XDR/DTR strains: high-risk clones

 Emerging and complex resistance mechanisms to newer β-lactams
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Antibiotic AmpC ↑ MexAB↑ OprD- AmpC Ω-
loop*

OXA
ESBL

ESBL CarbA CarbA
Mut**

CarbB Iron 
transp.

Piperacillin/tazobactam R r S S/r R R R R R S

Ceftazidime R r S R R R R R R S

Cefepime r/R r/R S R R R R R R S

Aztreonam r/R R S R r/R R R R S S

Imipenem S S r/R S S S R S R S

Meropenem S r r S S S R S R S

Ceftolozane/tazobactam S S S R R r/R R R R S

Ceftazidime/avibactam S/r r S r/R r/R S/r S R R S

Meropenem/vaborbactam S r r S S S r/R S R S

Imipenem/relebactam S r r S S S r/R S R S

Cefiderocol S S S S/r S/r S/r S/r S/r S/r r

Aztreonam/avibactam S R S r/R r/R S/r S/r r/R S S

Cefepime/zidebactam S r/R S S/r S/r S/r S/r S/r r/R S

Cefepime/taniborbactam S r/R S S/r S/r S/r S/r S/r r/R S

Oliver A et al CMI 2024
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Define a set of genes for 
each antibiotic

Validate the genotypic 
score in a multicentre
collection of clinical 

isolates

Ponderate the impact on 
resistance level

Develop a catalog of 
natural polymorphisms
(to differentiate from 
resistance mutations)

Stablish a resistance 
genotypic score 

Objective: to develop a genotypic score based in WGS to predict clinical (EUCAST) SIR profiles for 
ceftazidime, ceftolozane/tazobactam, meropenem, tobramycin and ciprofloxacin
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• A total of 40 chromosomal genes were selected after detailed
review of existing literature.

• Genes/mutations were scored according to their expected
effect on resistance: no effect (0); low-level resistance (when
two mutations are required for clinical resistance) (0.5); and
clinical resistance (1).

• Well-characterized gain-of-function mutations and inactivating
loss-of-function mutations were given the whole score values,
whereas amino acid changes of unknown effect only 1/2.

• Mutations known to increase susceptibility were also
considered and scored (negative values).

• Horizontally-acquired resistance determinants (Resfinder)
were individually scored based on the published literature.

Defining the P. aeruginosa genotypic resistance scores

Score Phenotype

<0.5 Susceptible 

≥0.5-<1 Low-level R, uncertain clinical relevance

≥1 Resistant

Cortes-Lara et al CMI 2021
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Defining the P. aeruginosa genotypic resistance scores: ceftazidime

LOCUS | GENE Resistance mechanism/altered target Type of mutation Effect Score values
PA0424|mexR MexAB-OprM overexpression Loss of function + 0.5-0.25
PA0425|mexA Intrinsic antibiotic resistance Loss of function - -0.5
PA0426|mexB Intrinsic antibiotic resistance Loss of function - -0.5
PA0427|oprM Intrinsic antibiotic resistance Loss of function - -0.5
PA0807|ampDh3 AmpC overexpression Loss of function + 0.25-0.125
PA2023|galU Lipopolysacharide sinthesis Loss of function + 0.5-0.25
PA3047|PBP4 AmpC overexpression Loss of function + 1-0.5
PA3574|nalD MexAB-OprM overexpression Loss of function + 0.5-0.25
PA3721|nalC MexAB-OprM overexpression Loss of function + 0.5-0.25
PA3999|dacC Penicillin-binding protein PBP5 Gain of function + 0.125
PA4020|mpl AmpC overexpression Loss of function + 0.5-0.25
PA4109|ampR AmpC overexpression Gain of function + 1
PA4110|ampC AmpC structural modification Gain of function + 0.5-0.25
PA4418|ftsI Penicillin-binding protein PBP3 Gain of function + 0.5-0.25
PA4522|ampD AmpC overexpression Loss of function + 1-0.5
PA5485|ampDh2 AmpC overexpression Loss of function + 0.25-0.125

Cortes-Lara et al CMI 2021
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Defining the P. aeruginosa genotypic resistance scores: ceftolozane/tazobactam

LOCUS | GENE Resistance mechanism/altered target Type of mutation Effect Score values
PA0424|mexR MexAB-OprM overexpression Loss of function + 0.25-0.125
PA0425|mexA Intrinsic antibiotic resistance Loss of function - -0.25
PA0426|mexB Intrinsic antibiotic resistance Loss of function - -0.25
PA0427|oprM Intrinsic antibiotic resistance Loss of function - -0.25
PA2023|galU Lipopolysacharide sinthesis Loss of function + 0.5-0.25
PA3047|PBP4 AmpC overexpression Loss of function + 0.25-0.125
PA3574|nalD MexAB-OprM overexpression Loss of function + 0.25-0.125
PA3721|nalC MexAB-OprM overexpression Loss of function + 0.25-0.125
PA4020|mpl AmpC overexpression Loss of function + 0.25-0.125
PA4109|ampR AmpC overexpression Gain of function + 0.25
PA4110|ampC AmpC structural modification Gain of function + 0.75-0.375
PA4418|ftsI Penicillin-binding protein PBP3 Gain of function + 0.5-0.25
PA4522|ampD AmpC overexpression Loss of function + 0.25-0.125

Cortes-Lara et al CMI 2021
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Defining the P. aeruginosa genotypic resistance scores: Meropenem

LOCUS | GENE Resistance mechanism/altered target Type of mutation Effect Score values
PA0424|mexR MexAB-OprM overexpression Loss of function + 0.5-0.25
PA0425|mexA Intrinsic antibiotic resistance Loss of function - -0.5
PA0426|mexB Intrinsic antibiotic resistance Loss of function - -0.5
PA0427|oprM Intrinsic antibiotic resistance Loss of function - -0.5
PA0958|oprD OprD inactivation Loss of function + 0.5-0.25
PA1798|parS OprD downregulation and MexXY overexpression Gain of function + 0.5-0.25
PA1799|parR OprD downregulation and MexXY overexpression Gain of function + 0.5-0.25
PA2018|mexY Intrinsic antibiotic resistance Loss of function - -0.5
PA2019|mexX Intrinsic antibiotic resistance Loss of function - -0.5
PA2020|mexZ MexXY overexpression Loss of function + 0.5-0.25
PA2023|galU Lipopolysacharide sinthesis Loss of function + 0.5-0.25
PA2491|mexS OprD downregulation Loss of function + 0.5-0.25
PA2492|mexT OprD downregulation Gain of function + 0.5-0.25
PA3047|PBP4 AmpC overexpression Loss of function + 0.25-0.125
PA3574|nalD MexAB-OprM overexpression Loss of function + 0.5-0.25
PA3721|nalC MexAB-OprM overexpression Loss of function + 0.5-0.25
PA4003|pbpA Penicillin-binding protein PBP2 Gain of function + 0.25
PA4020|mpl AmpC overexpression Loss of function + 0.25-0.125
PA4109|ampR AmpC overexpression Gain of function + 0.25
PA4418|ftsI Penicillin-binding protein PBP3 Gain of function + 0.5-0.25
PA4522|ampD AmpC overexpression Loss of function + 0.25-0.125

Cortes-Lara et al CMI 2021
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Defining the P. aeruginosa genotypic resistance scores: ciprofloxacin

LOCUS | GENE Resistance mechanism/altered target Type of mutation Effect Score values
PA0004|gyrB DNA gyrase-QRDR Gain of function + 1
PA0424|mexR MexAB-OprM overexpression Loss of function + 0.5-0.25
PA0425|mexA Intrinsic antibiotic resistance Loss of function - -0.5
PA0426|mexB Intrinsic antibiotic resistance Loss of function - -0.5
PA0427|oprM Intrinsic antibiotic resistance Loss of function - -0.5
PA1798|parS MexXY and MexEF-OprN overexpression Gain of function + 0.25-0.125
PA1799|parR MexXY and MexEF-OprN overexpression Gain of function + 0.25-0.125
PA2018|mexY Intrinsic antibiotic resistance Loss of function - -0.25
PA2019|mexX Intrinsic antibiotic resistance Loss of function - -0.25
PA2020|mexZ MexXY overexpression Loss of function + 0.25-0.125
PA2491|mexS MexEF-OprN overexpression Loss of function + 1-0.5
PA2492|mexT MexEF-OprN overexpression Gain of function + 1-0.5
PA2493|mexE MexEF-OprN overexpression Loss of function -
PA2494|mexF MexEF-OprN overexpression Loss of function -
PA2495|oprN MexEF-OprN overexpression Loss of function -
PA3168|gyrA DNA gyrase-QRDR Gain of function + 1
PA3574|nalD MexAB-OprM overexpression Loss of function + 0.5-0.25
PA3721|nalC MexAB-OprM overexpression Loss of function + 0.5-0.25
PA4597|oprJ MexCD-OprJ overexpression Loss of function -
PA4598|mexD MexCD-OprJ overexpression Loss of function -
PA4599|mexC MexCD-OprJ overexpression Loss of function -
PA4600|nfxB MexCD-OprJ overexpression Loss of function + 1-0.5
PA4964|parC DNA topoisomerase IV-QRDR Gain of function + 0.5
PA4967|parE DNA topoisomerase IV-QRDR Gain of function + 0.5

Cortes-Lara et al CMI 2021
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Defining the P. aeruginosa genotypic resistance scores: tobramycin

LOCUS | GENE Resistance mechanism/altered target Type of mutation Effect Score values
PA0427|oprM Intrinsic antibiotic resistance Loss of function - -0.5
PA1798|parS MexXY overexpression Gain of function + 0.5-0.25
PA1799|parR MexXY overexpression Gain of function + 0.5-0.25
PA2018|mexY Intrinsic antibiotic resistance Loss of function - -0.5
PA2019|mexX Intrinsic antibiotic resistance Loss of function - -0.5
PA2020|mexZ MexXY overexpression Loss of function + 0.5-0.25
PA4266|fusA1 Elongation factor G Gain of function + 0.5-0.25
PA4775|pmrA Lipopolysacharide sinthesis Gain of function + 0.5-0.25
PA4776|pmrB Lipopolysacharide sinthesis Gain of function + 0.5-0.25
PA5471.1|armZ MexXY overexpression Loss of function + 0.5-0.25

Cortes-Lara et al CMI 2021
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Genomic analysis of wild-type P. aeruginosa and development of a catalog 
of natural polymorphisms in genes involved in resistance

100 fully wild-type P. aeruginosa isolates (2-3 isolates
from each of 51 hospitals participating in a Spanish
nation-wide study, del Barrio-Tofiño et al JAC 2019)

Isolates with a wild-type susceptibility profile were defined, 
according to EUCAST epidemiological cut-off (ECOFF) values 
and/or MIC within 2-fold dilutions of the reference strain PAO1

Antibiotic EUCAST 
2021

≤S - >R

EUCAST 
ECOFF

PAO1 
MIC

Break 
point 

applied

PIP/tz 0.001-16 16 2 ≤4

ATM 0.001-16 16 4 ≤8

CAZ 0.001-8 8 1 ≤4

FEP 0.001-8 8 1 ≤4

IMP 0.001-4 4 2 ≤2

MER 2-8 2 0.5 ≤1

TOL/tz 4-4 4 0.5 ≤1

CIP 0.001-0.5 0.5 0.12 ≤0.25

TOB 2-2 2 1 ≤2

AMK 16-16 16 2 ≤4

COL 2-2 4 2 ≤2

Cortes-Lara et al CMI 2021
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Genomic analysis of wild-type P. aeruginosa and development of a catalog 
of natural polymorphisms in genes involved in resistance

High clonal diversity among the100 wild-type isoles:

• 81 different STs
• 68 unique STs
• 20 non-previously described STs

However, isolates belonging to “top 10” world-wide high-risk clones 
(Del barrio-Tofiño et al IJAA 2020) were also detected: ST235 (n=3), 
ST244 (n=5), ST308 (n=2), ST654 (n=2)

Cortes-Lara et al CMI 2021
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Genomic analysis of wild-type P. aeruginosa and development of a catalog 
of natural polymorphisms in genes involved in resistance

Deffinition of natural polymorphisms: aa change present in at least 
2 different STs of wild-type isolates (or 1 if supported by available 
Genbank data) 

• A catalog of 455 natural polymorphisms was stablished for 
the 40 chromosomal genes

•  All genes except that of PBP2

•  Highest for AmpC and MexXY and mexCD-OprJ efflux 
pumps 

Cortes-Lara et al CMI 2021
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Genomic analysis of wild-type P. aeruginosa and development of a catalog 
of natural polymorphisms in genes involved in resistance

Antibiotic
No. Isolates

Score <0.5 Score 0.5 - <1 Score ≥1
TAZ 96 4 0

TOL/TZ 100 0 0
MER 96 4 0
CIP 93 5 2
TOB 97 3 0

Distribution of the genotypic resistance score values for the 100 
wildt-ype P. aeruginosa.

List of mutations in resistance genes detected for the 100 wild-type isolates

• Frequent mutations leading to the inactivation of intrinsic efflux pumps 
(particularly MexAB-OprM)

•  Frequent mutations leading efflux pump overexpression (such as nalC, 
mexZ or mexS) 

• At least 1 OprD inactivating mutation (IS)

• Several PBP2, PBP3, and AmpC mutations of uncertain effect

Cortes-Lara et al CMI 2021
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Validation of the P. aeruginosa genotypic resistance score in a multicenter 
collection of clinical isolates

The score was validated in 204 isolates from the 51 hospitals (4/hospital) participating in the Spanish multicentre survey (del Barrio-tofiño
et al JAC 2019)

S; 45%

modR ; 32,90%

MDR; 6,90%

XDR; 15,20%
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Cortes-Lara et al CMI 2021
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Figure . Core-genome phylogenetic reconstruction of the 304 (100 WT+ 204 validation set) P. aeruginosa sequenced isolates and PAO1, PA14 and 
PA7 reference strains. 

Validation of the P. aeruginosa genotypic resistance score in a multicenter 
collection of clinical isolates

• 92.3% belonged to previously 
described STs

 
• Most frequent high-risk clones: 

ST175 (n=17), ST244 (n=15) and 
ST253 (n=11)

Cortes-Lara et al CMI 2021
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Antibiotic % S/I/R score <0.5 % S/I/R score 0.5 - <1 % S/I/R score ≥1
TAZ 97.7 / 2.3 88.1 / 11.9 27.6 / 72.4

TOL/TZ 100 / 0 100 / 0 0 / 100
MER 86.5 / 11.1 / 2.4 60.5 / 39.5 / 0 15.4 / 38.5 / 46.1
CIP 95.5 / 4.5 73.9 / 26.1 5.9 / 94.1
TOB 100 / 0 100 / 0 12.9 / 87.1

Validation of the P. aeruginosa genotypic resistance score in a multicenter 
collection of clinical isolates

Accuracy of the resistance genotypic score to predict phenotypic susceptibility and 
resistance in the 204 clinical isolates studied

Cortes-Lara et al CMI 2021

II J
ORNADA C

OESANT
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Validation of the P. aeruginosa genotypic resistance score in a multicenter 
collection of clinical isolates

•  97.7% of the isolates with scores <0.5 were CAZ susceptible. Only 3 
isolates (2.3%) with scores <0.5 were phenotypically resistant (CAZ 
MICs ≥ 32 mg/L). Unkwon R mechanisms?

• 72.4% of the isolates showing scores ≥1 were resistant. Thus, 8 
isolates (27.6%) of isolates showing scores ≥1 were phenotypically 
susceptible, despite showing mutations in ampC regulators. 
Moreover, ampC overexpression was confirmed at transcriptional 
level. 

Cortes-Lara et al CMI 2021

Accuracy of the resistance genotypic score to predict phenotypic susceptibility and 
resistance in the 204 clinical isolates studied
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Antibiotic % S/I/R score <0.5 % S/I/R score 0.5 - <1 % S/I/R score ≥1
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Validation of the P. aeruginosa genotypic resistance score in a multicenter 
collection of clinical isolates

•  100% of the isolates with scores <0.5 were TOL/TZ susceptible. Moreover, 
all isolates with scores ≥0.5-<1(low level R mechanisms) were also 
susceptible.

• 100% of the isolates showing scores ≥1 were TOL/tz resistant. Included 
isolates producing horizontally-acquired carbapenemases or AmpC
overexpression + Ω-loop mutations.

Cortes-Lara et al CMI 2021

Accuracy of the resistance genotypic score to predict phenotypic susceptibility and 
resistance in the 204 clinical isolates studied
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TOL/TZ 100 / 0 100 / 0 0 / 100
MER 86.5 / 11.1 / 2.4 60.5 / 39.5 / 0 15.4 / 38.5 / 46.1
CIP 95.5 / 4.5 73.9 / 26.1 5.9 / 94.1
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Validation of the P. aeruginosa genotypic resistance score in a multicenter 
collection of clinical isolates

Accuracy of the resistance genotypic score to predict phenotypic susceptibility and 
resistance in the 204 clinical isolates studied

Assement was complicated with the I category (MICs 4-8 mg/L) that 
microbiologically correlates with nonwild-type population (low level resistance).

• 97.6% of the isolates showing scores <0.5 were MER susceptible (S+I). Only 3 
isolates (2.4%) showing scores <0.5 were phenotypically R (unknown R 
mechanisms?)

• R prediction was low since only 46.1% of isolates showing scores ≥1 were 
phenotypically R (despite all showing mutations known to be involved in MER 
R such as OprD inactivation).

Cortes-Lara et al CMI 2021
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Antibiotic % S/I/R score <0.5 % S/I/R score 0.5 - <1 % S/I/R score ≥1
TAZ 97.7 / 2.3 88.1 / 11.9 27.6 / 72.4

TOL/TZ 100 / 0 100 / 0 0 / 100
MER 86.5 / 11.1 / 2.4 60.5 / 39.5 / 0 15.4 / 38.5 / 46.1
CIP 95.5 / 4.5 73.9 / 26.1 5.9 / 94.1
TOB 100 / 0 100 / 0 12.9 / 87.1

Validation of the P. aeruginosa genotypic resistance score in a multicenter 
collection of clinical isolates

•  95.5% of the isolates with scores <0.5 were CIP susceptible. 
 
• 94.1% of the isolates showing scores ≥1 were CIP resistant. 

Cortes-Lara et al CMI 2021

Accuracy of the resistance genotypic score to predict phenotypic susceptibility and 
resistance in the 204 clinical isolates studied
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CIP 95.5 / 4.5 73.9 / 26.1 5.9 / 94.1
TOB 100 / 0 100 / 0 12.9 / 87.1

Validation of the P. aeruginosa genotypic resistance score in a multicenter 
collection of clinical isolates

•  100% of the isolates with scores <0.5 were TOB susceptible. Moreover, all 
isolates with scores ≥0.5-<1(low level R mechanisms) were also 
susceptible.

 
• 87.2% of the isolates showing scores ≥1 were TOB resistant. Thus, 4 

isolates (12.9%) showing a score ≥1were phenotypically susceptible. 
Nevertheless, all showed TOB R resistance mechanisms, including an 
horizontally-acquired aacA4 gene in 2 of them. 

Cortes-Lara et al CMI 2021

Accuracy of the resistance genotypic score to predict phenotypic susceptibility and 
resistance in the 204 clinical isolates studied
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x 260 isolates

López-Causapé et al.,  AAC (in press)

P. aeruginosa resistome explorer
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Figure 1. Wet-lab and dry-lab workflow overview of the in vitro and in vivo validation  of the P. aeruginosa resistome capture panel
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S. aureus, M. tuberculosis

S. pneumoniae, N. gonorrhoeae, 
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Take home messages

 Technological advances reducing turn around time, long read sequencing and direct sample sequencing.

 Useful for understanding resistance mechanisms, genotype-phenotype correlation and surveillance, but not to
replace phenotypic AST.

 Correlation with SIR clinical breakpoints still challenging when different from ECOFFs.

 Standardization of data analysis and QC still needs to be improved.

 Several useful web-based platforms, but global reference databases still lacking.

 Phenotypic predictions from WGS still challenging for some pathogens and R mechanisms (such as P.
aeruginosa and most mutation driven resistance mechanisms).

 Growing role of machine learning and AI.

 Increasing complexity of both genotypes and phenotypes with the introduction of novel β-lactams.

 ESCMID-ESGEM-AMR working group on Interpretive Standards for AMR Genotypes.

 EUCAST WGS-ASP subcommittee reestablished, Updated document under final revision.
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