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AMR DATABASES

McArthur AG. et al. Ann. N.Y. Acad. Sci. 2017; Xavier BB et al. J Clin Microbiol 2016



¾ No single database is complete:
• Resistance vs. non-resistance mutations in intrinsic genes 
• Mutations in ribosomal RNA genes  (e.g. linezolid resistance)
• Mutations in regulatory elements (e.g. efflux pump)
• Insertions (e.g. IS-element inactivation mgrB – colistin resistance)
• Resistance by absence (e.g. porin genes)
• Resistance operons (e.g. vancomycin resistance - VVE)

CHALLENGES AMR DATABASES



¾ Maintenance
• Funding is often project driven
• Update frequency varies

¾ Accessibility
• Humans
• Computers

¾ AMR gene nomenclature
• Conflicting names
• Generalized names/allele specific

CHALLENGES AMR DATABASES



¾ Genotype <-> phenotype:
• Lack of linked metadata (e.g. MIC) to AMR databases
• No database predicts phenotypic resistance profile

CHALLENGES AMR DATABASES

E. coli: blaOXA-48, blaCTX-M-14, blaTEM-1, aadA-5, aac(3)-Iid, gyrA S83L, parC S80I, dfrA-17, sul-1

Antibiotic Resistance genes Genotypic 
Interpretation

MIC Interpretation

Mecillinam OXA-48, CTX-M-14 R 2 S

Piperacillin/tazobactam OXA-48, CTX-M-14 R 128 R

Cefuroxime CTX-M-14 R >256 R

Cefotaxime CTX-M-14 R 64 R

Ceftazidime CTX-M-14 R 2 I

Ertapenem OXA-48 R 1 I

Meropenem OXA-48 R 0.25 S



MIC/ZONE DIAMETER

Efflux β-lactamase
(acquired or increased expression of intrinsic β-lactamase) 

PBP

Reduced 
susceptibility/resistance: 
complex interplay of 
several factors
–> MORE THAN PRESENCE 
ABSENCE OF A RESISTANCE 
GENE/MUTATION

Permeability

¾ Paradigm shift necessary:
• Genotypic detection -> phenotypic prediction based on genotype 



IN-HOUSE OR «ONLINE» TOOLS?

¾ CASTB, PhyResSe, TB profiler:
� M. tuberculosis

¾ Mykrobe predictor:
� M. tuberculosis & S. aureus

¾ PATRIC-RAST:
� Carbapenem-R A. baumannii
� MRSA
� β-lactam/co-trimoxazole-R S. pneumoniae



DIFFERENT TOOL – SAME DATABASE

¾ 3 main databases:
� ResFinder, ARG-ANNOT, CARD

¾ ABRicate: 
� ResFinder

¾ SEAR, SSTAR:
� ARG-ANNOT

¾ SRST2:
� ResFinder + ARG-ANNOT

¾ RGI:
� CARD



BIOINFORMATIC METHODS/ALGORITHMS

• Continuous development of bioinformatics methods/ 
algorithms

¾ ResFinder: Assembly/BLAST
¾ SRST2/KmerResistance: Mapping raw reads

Accuracy Performance
False pos. 
fraction

True pos. 
fraction

Claussen PT et al. J Antimicrob Chemother 2016



CARD: 
Comprehensive Antibiotic Resistance Database

¾ Manually curated
¾ May 2017: 2353 reference sequences/944 SNPs
¾ Fasta files
¾ Ontology-driven database – ARO (Antibiotic Resistance Ontology)

http://arpcard.mcmaster.ca Jia B et al. Nucleic Acids Res. 2017



RGI – Resistance Gene Identifier (CARD)

¾ Protein Homolog 

¾ Protein Variant:
� AMR mutations (SNPs)
� Nonsense mutations
� Insertions
� Deletions
� Frameshifts
� Differentiated by species

Jia B et al. Nucleic Acids Res. 2017



RGI – Output



RESFINDER
¾ ONLY acquired resistance 

genes
¾ NOT chromosomal 

mutations

¾ Batch upload of sequence 
data possible

¾ Assemblies/raw reads

¾ Updated frequently

https://cge.cbs.dtu.dk/services/ResFinder/



RESFINDER - Output



ARG-ANNOT

http://en.mediterranee-infection.com/article.php?laref=283%26titre=arg-annot

¾ Acquired resistance genes & 
chromosomal mutations

¾ Analysis in BioEdit
¾ Last update 2013/5?



NCBI

https://www.ncbi.nlm.nih.gov/pathogens/beta-lactamase-data-resources/

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA313047



Know your species!

PS!

¾ oqxAB – K. pneumoniae
¾ blaSHV-1/-11 – K. pneumoniae
¾ blaCTX-M - Kluyvera spp.  
¾ blaOXA-48-like – Shewanella spp.
¾ blacfiA – B. fragilis
¾ Etc, etc, etc,



CONCLUSIONS

¾ No database is complete
¾ Antimicrobial resistance is not static

• new mutations/resistance genes emerge
¾ Lack of genotypic -> phenotypic correlation

• new models needed for prediction of phenotypes (clinical 
relevance)

NEED TO KNOW STRENGHTS AND WEAKNESSES OF EACH 
DATABASE AND BIOINFORMATIC APPROACH


