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Antimicrobial resistance (AMR) mechanisms
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Genetic determinants of AMR
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AMR databases: overview
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AMR databases: focus
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The Comprehensive Antibiotic Resistance Database

TRALC QUGS Of IENTANCE GUres, hew Dr W ISCDONT DOANOLYDEL.

1) Refemencn Sequances, LTSS SR, 2773 PUpicanens, 4383 AR Cnection Mooy

Ratome Deadxlons. 2035 patdagers, [4MS OVermendmen, M TS pandeuc mdnds, Y071 Mavreds, 10355 WU ssserrdies, 131429 adeirs

National Library of Medicine
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ResFinder: Overview

Center for Genomic Epidemiology
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* Acquired genes (n=2919) and/or chromosomal mutations

« Campylobacter spp. * Mpycobacterium tuberculosis
« Campylobacter jejuni Enterococcus faecalis

« Campylobacter coli Enterococcus faecium

» Escherichia coli * Klebsiella

« Salmonella spp. » Helicobacter pylori

» Plasmodium falciparum Staphylococcus aureus

» Neisseria gonorrhoeae

Bortolaia, et al. J Antimicrob Chemother, 2020. https://cge.cbs.dtu.dk/services/ResFinder/



ResFinder: Distribution of gene database
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Bortolaia, et al. J Antimicrob Chemother, 2020. https://cge.cbs.dtu.dk/services/ResFinder/



ResFinder: Distribution of gene database

= genomicepidemiology/resfinder_db =
B psevdomonicacid fsa 921K8  2021-03-09 added aac{3)-la_6_CP023555, blaCMY-150_...
B quincionetsa MB3KE  2021-06-12 Fixed oqxA and oaxB gene names
B ritampicintsa A77TKB  2020-08-28 Updated with genes ARR-8,blalMi-4,ant(3")-1...
B sulphonamide.fsa ASTEKB  2018-05-24 Reformat phenico!, rifampicin and sulphonami...
B tetracyciinetsa 22664 K8  2020-06-02 Update db with blaVMB-1,biaLMB-1,blaCMY-1...
B  trimethoprim tsa 5195K8  2021-04-13 fixed dfrat9_2 bug
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Bortolaia, et al. J Antimicrob Chemother, 2020. https://cge.cbs.dtu.dk/services/ResFinder/



ResFinder: AMR phenotype prediction results

cettinxono beta-lactam FRaRtaR T DlaCTX-M-15 (DIACTXCM-15_AY044436)
cotazidine beta-jactam TSSIREN I BiaCTX-M-15 (BaCTX-M-15_AY044436), BIaNDM-1 (SaNDM-1_FN306878)
fortmicin amincglycoside No rosistance
casbomyon macroide No rosistance
Scarcilin beta-lactam Jasiaant I nlaCTX-MA15 (BRCTXM-15_AY044436)
azithrormycin macrosce NO rosisiance
Quatemary
chiorhexicine ammonium No resistance
compound
kasugamycin aminogiycoside o resistance
chicramphenicol ampbenicol Resistart calB3 (catB3_AJO0S018), cA1 (CalAT_V00822), catB3 (casBI_U13860)
Quatermary
cetyfpyridinium chicekde  ammonium No resistance
compound
ampicilineclavidanic acd  bota-tactam JERISERT blaNOM-1 (DlaNDM-1_FNISB876), BlaOXA-1 (laOXA-1_HO170510)
cototaxime bota-tactam [Anistand ] DlaCTX-M15 (baCTX-M-15_AYO44436), bNDM-1 (MaNDM-1_FN39687E)

Bortolaia, et al. J Antimicrob Chemother, 2020. https://cge.cbs.dtu.dk/services/ResFinder/
ResFinder results using Klebsiella pneumoniae plasmid (JN420336.1)



ResFinder: AMR genotype results (genes and chromosomal mutations)
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Bortolaia, et al. J Antimicrob Chemother, 2020. https://cge.cbs.dtu.dk/services/ResFinder/
ResFinder results using Klebsiella pneumoniae plasmid (JN420336.1)




ResFinder: AMR genotype results (genes and chromosomal mutations)
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Bortolaia, et al. J Antimicrob Chemother, 2020. https://cge.cbs.dtu.dk/services/ResFinder/
ResFinder results using Klebsiella pneumoniae plasmid (JN420336.1)




ResFinder: AMR genotype results (genes and chromosomal mutations)
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ResFinder results using Klebsiella pneumoniae plasmid (JN420336.1)




Comprehensive Antibiotic Resistance Database (CARD)

The Comprehensive Antibiotic Resistance Database
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ResFinder

ARG-ANNOT

NCBI National Database of Antibiotic Resistant Organisms (NDARO)
Antibiotic Resistance Genes Database (ARDB)

Beta-lactamase Database..and more

Literature & domain knowledge experts

Alcock, et al. Nucleic Acids Res, 2020. https://card.mcmaster.ca/, https://github.com/arpcard/state-of-the-card-2021



Antibiotic Resistance Ontology (ARO)
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McArthur, et al. Antimicrob Agents Chemother, 2013. https://card.mcmaster.ca/ontology/36006



Antibiotic Resistance Ontology (ARO)
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Predicting AMR determinants using Resistance Gene Identifier (RGI)

Comprehensive Antibiotic Resistance Database (CARD) Resistance Gene Ildentifier (RGI)
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The Comprehensive Antibiotic 0 Bioinformatics model
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Genomics reference sequence database

Uses bioinformatics models to
predict resistance determinants
within clinical isolates

Alcock, et al. Nucleic Acids Res, 2020. https://card.mcmaster.ca/analyze



CARD: Download

Download
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CARD:Live — Summary of user-submitted genome sequences
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CARD:Live — Summary of user-submitted genome sequences

Drug class resistances
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CARD:Live — Summary of user-submitted genome sequences

Drug class resistances UpSet Plot
(Truncated to 25 Most Common Intersections)
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CARD: Prevalence — Summary of NCBI genomes
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CARD: Prevalence — Summary of NCBI genomes
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CARD: Resistomes & Variants — Details of NCBI genomes

CARD
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CARD: Resistomes & Variants — Details of NCBI genomes
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NCBI: National Database of Antibiotic Resistant Organisms

m National Library of Medicine

Log in

Nationat Center for Biotechnalogy Information

Health > Pathopen Detection >  Natonal Qatabase of Antbiotic Resistant Qrganisms (NDARO) Search page AV

National Database of Antibiotic Resistant
Organisms (NDARO)

TETRACYCLINE TRIMETHOPRIM ~ OTHER

SULFONAMIDE AMINOGLYCOSIDE

QUATERNARY AMMONIUM
PHENICOL

MACROLIDES
LINCOSAMIDES

GLYCOPEPTIDES
FUSIDICACID
FOSFOMYCIN
QUINOLONE
COLISTIN

National Library of Medicine

National Center for Biotechnology Information

Health > Pathogen Detection > Antimicrobial Resistance > AMRFinderPlus Searchpage A |V

AMRFinderPlus

https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/AMRFinder/



NCBI: AMRFinderPlus database (Reference Gene Catalog)

Database sources

« Lahey Clinic compilation of beta-lactamase sequences
(http://www.lahey.org/studies/ and personal communications from Dr. George
Jacoby and Karen Bush)

» Pasteur Institute collection of beta-lactamase sequences

* ResFinder

« Comprehensive Antibiotic Resistance Database (CARD)

* RAC and Integrall collections of AMR proteins found in integrons
» Center for Veterinary Medicine

« Marilyn Roberts personal communications

« "Oxford" - Derrick Crook personal communications

https://www.ncbi.nim.nih.gov/pathogens/refgene/#, https://github.com/ncbi/amr/wiki/AMRFinderPlus-database



NCBI: AMRFinderPlus database (Reference Gene Catalog)
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https://www.ncbi.nim.nih.gov/pathogens/refgene/#, https://github.com/ncbi/amr/wiki/AMRFinderPlus-database



NCBI: AMRFinderPlus

Element Element Description
type subtype
AMR AMR Antimicrobial resistance gene
AMR POINT Known point mutation associated with antimicrobial resistance
VIRULENCE  VIRULENCE Virulence gene
VIRULENCE  ANTIGEN Sfe;:f ngggz:l{tc;r a known antigen; this will be a future expansion
STRESS ACID Acid resistance gene
STRESS BIOCIDE Biocide resistance gene
STRESS HEAT Heat resistance gene
STRESS METAL Metal resistance gene
Organism option Point Are certain Taxa

mutation plus genes
screening  excluded?

Campylobacter Yes No Egmogagﬂ;’ i
Enterococcus_faecalis Yes No Enterococcus faecalis
Enterococcus_faecium Yes No Enterococcus faecium
Escherichia sp.
Escherichia Yes Yes including Shigella, E.
albertii, E. fergusonii
Klebsiella No Yes ﬂe&sﬁ;lgap neurmonies,
Salmonella Yes Yes Salmonella sp.
Staphylococcus_aureus Yes No Staphylococcus aureus
Staphylococcus_pseudintermedius No Yes g:mmg?r;:gus
Vibrio_cholerae No Yes Vibrio cholerae

Feldgarden, et al. Sci Rep, 2021. https://github.com/ncbi/amr/wiki



NCBI: Other AMR resources

* |solate browser
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« Submit sequence and phenotype data

https://www.ncbi.nIm.nih.gov/pathogens/antimicrobial-resistance/resources/
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PathoSystems Resource Integration Center (PATRIC)
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Davis, et al. Nucleic Acids Res, 2020. https://docs.patricbrc.org/user_guides/data/data_types/antimicrobial_resistance.html



PATRIC: AMR database

« PATRIC (in-house)

« CARD

« NCBI National Database of Antibiotic Resistant Organisms (NDARO)
 ARDB

_ pA‘R'C a3 ORUAN A DATA WORKEPACES WERVCES [ 30
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Onervw Miglogesy  Tasonaony  Oenemeae AR Mesotpes  Seguences  Tasmtuows  Spachity Denes  Pootein Fassliie  Patdeays  Sibapviams  Tramecrglonscs  mierec!

Torm it Dan desers 1inewd 11 cwma fats 4t 40 Dafurary @ are! Hagrametatve Oertizres = grur sbem D

- P S Y

Clonadtu atumn Ainantucs Clens

Davis, et al. Nucleic Acids Res, 2020. https://docs.patricbrc.org/user_guides/data/data_types/antimicrobial_resistance.html



PATRIC: AMR phenotypes

3 pATRIC 3. 0.13 ORGANISMS DATA VWORKS

rTj Taxon View
L " Bacteria ( 452132 Gonomos )

Overview Phylogeny Taxonoey GCenomes AMR Phenotypes Segqueoces Features Speclalty Gones Protain Families  Pathways

L \ §
LOWALOAD | KEYWORES U
| Genome Name Antiblotic  Resistant  Measuremen Moasuremen Moasuremen Lab typing  Computation Evidence  Pubmed €
Phenotype  Sign Value Units Method  Method

[} Eschericnin cos BIOMC 208 Mopenen Suscagtivl 32 we Laboraiory Men 2090418
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|| Escherctes col stran 150721 coin < 1 mol e Latemiory Mat 25630754 l
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Davis, et al. Nucleic Acids Res, 2020. https://docs.patricbrc.org/user_guides/data/data_types/antimicrobial_resistance.html



PATRIC: Genomes

yPATRIC 2012 ORGANISMS « DATA - WORKSPACES -  GERVICES - HELP

"G‘K Goenome View
", Bacieria » Proteohaciona » Gammagrotecbactona » Endercbacteralus » Entorcbocteriacase » Escherichia » Eschonchia ool » Exchernichia coll strain 1504

———
Overview AMR Phanotypos  Phydogeny - Genomae Browser - Clroular Viewer  Sequences  Fostures  Speciaity Games  Protein Families  Pathwa
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Davis, et al. Nucleic Acids Res, 2020. https://docs.patricbrc.org/tutorial/



PATRIC: Genomes

»PATRIC -

2812

COIRGANISMS

DATA WORKSPALLS

"G’I Gonome View

|, Bactera » Proteotecions » Gammagrotecbactona » Endercbacteralus » Entorcboctariacase » Escherichia » Eschornchia ool » Exchenichia coll strain 1504

Overview AMR Phanotypos  Phydogeny - Genomae Browser - Clroular Viewer  Sequences  Fostures  Speciaity Games  Protein Families  Pathwa
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Collection Year
Collection Date
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Genome Length
GC Contant
PATRIC CDS
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Publication
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Additional Metadata
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Davis, et al. Nucleic Acids Res, 2020. https://docs.patricbrc.org/tutorial/



PATRIC: Regions

« Computationally predicted small genomic regions associated with AMR

PATRIC
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Summary of AMR databases and resources

NCBI
ResFinder CARD/RGI ) PATRIC
AMRFinderPlus
quwred : All (can include
resistance, Website N
AMR context . additional classes All
chromosomal Command-line
) of genes)
mutations
Annotation \évoer?]‘:’::n 4 Website Command-line Website
Usage line Command-line Command-line
Matched
n -
genotype No No Yes Yes
phenotype
isolates
Antibiotic_: Resistance Ontology Is_olate Browser PATRIC:Antibiotics
Other PointFinder CARDElee Hidden Markov Model PATRIC:Phenotypes
resources CARD:Prevalence (HMM) Catalog PATRIC:Regions

CARD:Resistomes&Variants

MicroBIGG-E




Future directions

Standardization of AMR databases

Inclusion of metadata in AMR databases

Specialized databases and tools for species (e.g., Mycobacterium tuberculosis)

Harmonization of AMR resources

@ ® = N
O Public Health Alliance for o J pla mr ‘/O, CLIMB
. O ‘ Genomic EpldemlOlOgy Joint P(ogramming Initiative A\ . % BIG DATA

on Antimicrobial Resistance



