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Background

Antimicrobial resistance (AMR) is a global health emergency; to counter this growing threat, researchers need access to

Results

Table 1: Species diversity of antimicrobial-resistant strains

—Table 2: MIC values and interpretations of 16 Klebsiella spp.

authenticated, well-characterized strains to use as standards during the development of diagnostic assays, therapeutics, : : VITEK 2 Card(s) or : Antibiotics T DAISTI SRR DAAGSET BARSIRT DA BARIITE SRR DA e ST BRAIRTST L BAMGNIET BARSITIT BAAET DARISIOT SRRSO BaAie
. . Species Strains ETEST strips Gram stain Amikacin Aminoglycosides 32 (1) 264 (R) >64 (R) 16 (S) >64 (R) <2 (S) <2 (S) <2 (S) <2 (S) 8 (S) >64 (R) 16 (S) <2 (S)
or other appllcatlons. Gentamicin Aminoglycosides 4(S) <1 (S) 216 (R) >16 (R) 216 (R) >16 (R) <1 (S) 8 () <1 (S) 216 (R) 216 (R) 216 (R)
: iy . obramycin minoglycosides > 216 (R 216 (R 216 (R 216 (R 216 (R | | <0.5 (S
Acinetobacter baumannii 13 AST-XNO9 and AST-GN69 Negative Ertt;pen)e,m éarbaszmem: 2186(§§)) >8 ((R)) >8 (ﬁa)) >8 ((R)) 4(F(<)) >8 ((R)) 2 ) 2 R) 2 ) <0.5 () <0.5 (S) <0.5 () 4 (R)
. ] . . ] ] . . Ct b t b kii 1 AST—XNOQ d AST—GN69 N t Imipenem Carbapenems 8 (I 216 (R) =216 (R) 0.5 (S) =216 (R) =216 =16 (R) <0.25 (S) <0.25 (S) <0.25 (S)
Here, we describe the phenotypic and genotypic characterization of one hundred AMR strains available in the ATCC® AT BT T = SOaE Meropenem Garbspenams 216 R) 216 R) =16 R) =16 (<) =16 ) =16 F) =16 216 ) : 025 (S L0 :
| | o | | _ » | Citrobacter freundii 4 | AST-XN09 and AST-GN69 |  Negative Cefaltin Ceptlosgori 264 ) 264 ) 264 ) 264 () 264 ) 264 ® =54 264 R) 254 F) 264 ) 204 R) 264 )
collection. To develop and provide this highly curated collection of AMR strains, each strain went through additional testing Enterobacter asburiae 1 | AST-XN09 and AST-GN69 | Negative Cetepime Gephalosporin 55 5 (s) ETX0 5 (s) =) 64 (R 64 - 4R (R 2R <1 s)
. . . . . Cefotaxime Cephalosporin >64 (R) >64 (R) >64 (R) >64 (R) 32 (R) >64 (R) >64 >64 (R) 264 (R) >64 (R) 16 (R)
to establish its phenotypic and genotypic profile. Enterobacter cloacae 3| AST-XNO9and AST-GN6O | Negative ceoen Copcpo I —) um TR B
« Susceptibility testing: Strains were tested against a variety of critical drug classes and are provided with the Enterobacter hormaechei 2 | AST-XN09 and AST-GN69 |  Negative Cefpodoxime Cophalosporn A AN =R AN =R A 2 R ) AN =l =R
minimal inhibitory concentration (MIC) values and susceptibility profile. Escherichia coli 17 AST-XNO9 and AST-GNEY | Negative Cotrimmone " Copnaloapot SR 20 AR 204 (R) 60 24 R) 24 () 20 "o, o4 R
- Genomic analyses: Strains were analyzed via whole-genome sequencing (WGS) on two different instruments to Klebsiella oxytoca 1| AST-XNO9 and AST-GNE9 | Negative Cetoroxime Axet e o o o o o e ol o o
. f i Klebsiella pneumoniae 14 AST-XNO09 and AST-GN69 Negative Ceftolozane/Tazobactam  Cephalosporin >32 (R) >32 (R) 32 (R) >32 (R) >32 (R) >32(R) 32 (R) >32 (R) <0.25 (S)
ensure jthe highest-level o®accuracy, coverage, and depth. The corresponding assembled and annotated genomes Klobsialia quasipneumonias 2 | ASTXNO9 and AST-GNG9 | Negative Timatoor varcpymanes 4009 o9 00, 020 ) 020 () 020 () 2420 ) 1320 ) 020 ) 2420 () 20 )
are available on the ATCC Genome Portal (genomes.atcc.org). Neisseria gonorrhoeae ) BioMerieux Etest strips Negative (L:;F\)/:,f?::aaccilnn 232233!22:2222 ig EE; ig EE; ig EE; R ig EE; 28?3 53 =0 ig EE; ig EE;
« Methylation profiles: Most strains are provided with methylation data accessible through the ATCC® Genome Proteus mirabilis 3 | AST-XN09 and AST-GN69 |  Negative Tgecyaima Siveicyings. S 20 6 R o) w5 6 0515 20
Portal (genomes_atcc_org)_ Pseudomonas aeruginosa 15 AST-GN69 and AST-XNO6 Negative ﬁﬁt,f;?;$oin o Cam 222 52; 22‘; EE; 222 52; Zi‘g EE; ;2 E:; 22‘; 22;
Pseudomonas paraeruginosa 1 | AST-GN69 and AST-XNO6 | Negative Ampiciin/Suthactam 2R 2 2R 2R 2R 2 2R 2
Serratia surfactantfaciens 1 AST-GN69 and AST-XNO6 Negative ﬁ:;z::g:::nnazaobactam :13228(2) :13228(('2) :13228(2) 2128 (R) :13228((RR)) :13228(2) 2128 (R) :13228((RR)) :13228((RR)) :13228(5:\’)) :13228(5'\’)) :13228(2) :13228((RR))
Staphylococcus aureus 2 | AST-GP72 and AST-GP75 | __Positive Nalidixc Aci AT S S 0 = Se = s 2R 0 26 s 0 =i
etracycline etracyclines 2 = = < = 2
Streptococcus pneumoniae 15 AST-STOZ POSitive | Isolation country United States United States United States United States United States United States United States Greece Thailand Russia Italy Brazil Belgium Argentina France Japan
Year of isolation 2012 2010 2010 2010 2012 2011 2010 2012 2013 2014 2013 2013 2012 2014 2014 2013
Su sce ptibi I ity Testing Enterobacter hormaechei subsp. xfangfangensis Metadata Source of isolation Wound Deep wound Deep wound Unknown Blood Urine Urine Furuncle Respiratory sputum Urine Urine Abscess En(aj;):)ri?actheeal enclj—lol’:gzﬂeal Urine Urine
- : : - - - = : : : (Gu et al.) SUtton et al. atien enaer nKnown nKNnown nKnown nKnown nKNnown nKnown nKnown ale ale emale ale emale emale aspgaete emaie ale
TO eStab“Sh the MIC prOflle, ant|b|0t|C SUSCeptlblllty WaS genera”y Obtalned USIﬂg VITEK 2 AST CardS We typlCa”y BAA-3296 ™ |:)Ptatietnct;Ag((ja Bnllznown Bn:znown Bninown '{JJnllznown Bn:znown Bntnown Bnllznown 39Mye|ars 74Mye|ars 8F3 yealrs 57Mye|ars 4F8 yealrs 4F0 yealrs 63Mye|ars 6F3 yealrs 79Myelars
selected one or two cards based on the organism, aiming to cover the broadest possible range of antibiotics. MIC ranges (R) resistan, (1) Intermeciat, and (5)susceptie. A repotoutiing the MIC valles an itrprelaton of susceplbily accomparies each i, (Supplemenial handout avaabie)
for resistant, intermediate, and susceptible are based on criteria within the Clinical and Laboratory Standards Institute
(CLSI) Performance Standards for Antimicrobial Susceptibility Testing, 27" Edition. For Neisseria gonorrhoeae, antibiotic —Table 3: MIC values and interpretations of 15 Streptococcus pneumoniae strains.
susceptibility was obtained using bioMérieux ETEST strips and MIC interpretations are based on CLSI M100-Ed35. " antibore cia=s g
Cefotaxime (Meningitis) Cephalosporin 4 (R
Product category Bacteria Cefotaxime (Other) Cephalosporin 8 (R 8 (R 8 (R 3 (R 3 (R 4 (R 8 (R 4 (R S (R 8 (R 2l
Product type Drug-resistant bacterium Ceftriaxone (Meningitis) Cephalosporin R 8 (R R R R R 8 (R R R R R
Genomic Analyses Classification Enterobacteriaceae Ceftriaxone (Other) Cephalosporin 4 (R 8 (R 4 (R 4 (R 4 (R 4 (R 8 (R 4 (R 4 (R 4 (R 2(
i i i i i i i Strain designation 839950 -sr{li";?:‘g"p;ixrg;oe Diaminopyrimidines 0 (R G G G G G 80 (R G G G G G G 0 (R G
For genomic analyses, we used our ISO 9001-C0mpllant standardized sequencing, assembly, and annotation plpellneS for Type strain No Le::oﬂo::cin ! Fluoroguinolones <0.5 (S) 1(S) 0.5 (S) 0.5 (S) 0.5 (S) 0.5 (S) 0.5 (S) 0.5 (S) 0.5 (S) 1(S) 0.5 (S) 0.5 (S) 0.5 (S) 0.5 (S) <0.25 (S)
. . . . . Genome sequenced Ves Moxifloxacin Fluoroquinolones 0.12 (S) 0.12(S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S) 0.12 (S)
each strain. We extracted high-quality DNA and sequenced the DNA on both the lllumina (lllumina) and Oxford Nanopore Vancomycin Glycopqept_ide <0.12 (8) <0.12 (8) 05(S) 05(S) <0.12 (8) <0.12 (8) 05(S) 05(S) <0.12 () 05(S) 05(S) 05(S) 05(S) 05(S) 05(S)
] . . ] o mame Entorobacter closeae Uordan) Hormasche and Eduarde Tigecycline Glycylcyclines <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S) <0.06 (S)
Technologies (ONT; Oxford Nanopore Technologies) instruments. The data were analyzed for quality and then both data Clindamycin. M— i =) I LG L L s L o —— o g s L L0
sets were combined to produce a complete de novo hybrid assembly. All de novo assemblies were then annotated using ST Benzyipenicilin (Meningite) (R TUTENN e o e e e T ST ST el o Py o e e S
the NCBI Prokaryotic Genome Annotation Pipeline (PGAP) and further curated for AMR-related genes using NCBI e Biiaert gy Eﬁﬂiiiﬁiﬁ;i{ii;ﬂ Egtﬁ?ﬁn . 522;2;.:.:;2 i 22 A 202 i 8y i 23 8 ) oA 2o 4& 2o i i 2o
. . . . . . . Product format Frozen Artimicrobia enzylpenicillin (Pneumonia) Penicillin 8 (R > 8 (R > 8 (R 8 (R 8 (R 8 (R
AMRFinderPlus, the Comprehensive Antibiotic Resistance Database through the Resistance Gene Identifier software S Tetracycline EETE SR 1ol LG Bt IEER G T EEER] 16 S0.25(5) 166 LI 15 BHGE A
. - - - - - - | Yoar of isolafion “o01a 2014 2014 o014 “a0ta 2014 " o0ta "~ o0ta 2014 2014 2015 2015 2013 2018 2014
(RGI-CARD; McMaster University), and ResFinder (Technical University of Denmark). The whole-genome sequences are — ey
avallable On the ATCC® Genome POrtaI Figure 2: Example Of prOdUCt page Wlth metadata and available Metadata Source of isolation Respiratory sputum | Respiratory sputum | Respiratory sputum | Respiratory sputum | Respiratory sputum endotr:cfr?éslgsypirate Respiratory sputum | Respiratory sputum | Respiratory sputum Blood Respiratory sputum bronf:\?aagll\éeolar Respiratory sputum Abscess Respiratory sputum
d t t' Patient Gender Male Female Male Female Male Male Female Female Female Female Female Male Male Male Female
ocumentation. Patient Age 69 years 54 years 14 years 10 years 4 years 1 year 2 years 49 years 12 years 67 years 75 years 22 years 46 years 1 year 30 years
M ethyl ati O n P rOfi Ies (R) resistant, (l) Intermediate, and (S) susceptible. A report outlining the MIC values and interpretation of susceptibility accompanies each strain. (Supplemental handout available).
Methylation profiles were generated with ONT data using the Dorado basecaller version 0.8.0+acec121 (ONT). The oo e Al renosones S > o | | |
methylation profile for many strains are available to customers through the ATCC® Genome Portal. ‘ 500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000 4,000,000 4,500,000
I I I I I I I I I
GENOME. 3
F— 196 u
: Humina
| (A — [ ittt et Conclusion
L : * | Gene annotations qa.ze:; i i Q1 010 L 00000 D0 1 i | Here, We highlight on_e hundr.ed_chmcl;ally rellevan’F and ‘Explore our AMR clinical isolates at
d. Selec.t AST CardS VlTEK2 b . o 'Na\Egation overview: Chromosome assEmbly_Eactl‘lfbeﬂ945b0_1 : tthttenSIver ﬁhglra(;te{;]zed antlmlr?rOblaI-reS.!tStaEr]t ISl‘]OIateS www.atcc.org/AMR
'4mc_5I11CD II|||||.||I||||.I|u|||||...|.|||I|I||||_||I|||.|II|||h.'"lll|.|II||||.II|||||||.I||..|..|.|..|||II|||||..|I.|||||u.|.||‘m“'I'Il.l.ulh..l||||||||||||||||||.||||.|I||||.|||||I||||||I.|”l.u|.||ul|....|||||||||||| 276,500 277,000 S — s traalra]rC?O?T\]/eaISa\Nl t?\ O [he research community. Eac
’ GENOME "
S5mC_5hC_&mA
T o |..||..||‘ Jabd ...|.|.|||.|..|..||||||.||||||.||.. o .|.||||.|.||..|||.||..|||...‘.||||..|.||||.|| ..||||||||||||||||..|.| bl oll, L ||.|..J ’ 113 - - :
Manufactured Lot , ? » 339 lelﬁu:;g; W N Soturcte Infornéatlond_ Geodgramhy’tcoue(;tlon date’
r— i SmCG_ShmCG o dalient age an enaer, and coliection site
- 1 T " 0 Bkl Lkt o .|...|.|.|..|..||.|%| R .||..‘|||||..I||...|||.||||.| b oot Lind, L .||||.||.....|l — = — = =T — P J J
1 e | [l < I - ' = — = Susceptibility data — MIC values and susceptibility
L —— | . iy ags .
| 4 . _ . ——— = —— profiles for targeted drugs. The susceptibility profile :
) ) Eppendorf EpMotion Figure 3: Example of sequence alignment. \Whole-genome " cenes of each strain is available on atcc.or Find the whole-genome sequences on the
' Exgﬁe alignment of ATCC® BAA-3296™ using NextSeq 2000 and Gridlon ene annpiafons (549 -0rg ATCC Genome Portal at genomes.atcc.org
data with corresponding methylation data; 4mC_5mC, " e ——— = Genetic data — The complete and assembled aray
lllumina NextSeq2000 5SmC_5hC_6mA, and 5mCG_5hmCG calls >50%. CLC Genomics tpS enome sequence, annotated with antibiotic @!Il- ' @
Workbench 25 Q|AGEN - TS <4 . t d th I t d t D t . - -:.m l'-l:I
- - - . . , ’ ' IoN . I . A
Figure 1: Bacterial strains are grown, vialed, and QC’d according to ATCC® parameters. (A) The appropriate VITEK 2 AST cards - ' e ;e\/s'alﬁaalorl]ge()r?er]eisoamnesrg’te(:c)(l)t‘a on data. Lata Is o e
(bioMérieux) are selected and loaded on to the VITEK 2 instrument to produce the MIC profile. Note: for Neisseria gonorrhoeae, antibiotic _ _ _ _  4mC_smC | | | ‘ ‘| | |“ |“ | 9 ' -0rg - O |
susceptibility was obtained using ETEST strips (bioMérieux). (B) DNA is extracted using a method best suited for organism type and next- Ilzlgure 4.:()'(::?&"0%"81‘: 20259'2::960" of En;erolgc;ter bact s 5nC_sma ‘ Overall, this diverse collection of highly characterized @u e
generation sequencing (NGS) libraries are produced and loaded on the NextSeq 2000 (lllumina) and Gridlon (Oxford Nanopore Technologies) ormaechei ( - 7, beposited as tnterobacter 0 AMR strains provides a valuable resource for
instruments. Data from both platforms were QC’d and a subsequent hybrid genome assembly was produced and annotated. ONT base called data cloacae). fosA (FosA/FosAZ2 family fosfomycin resistance sncs_smce ‘ di ti pd th ti ud | y t
glutathione transferase) is a gene associated with AMR. i ’ lagnostics an erapeutic aevelopment.

was further analyzed for the presence of methylated nucleotides. Image created using BioRender.com
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