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Introduction: Widespread use of antibiotics has led to an increased number of multidrug Challenge #1: Assay Design Challenge #2: Availability of Characterized Bacterial Isolates Challenge #3: Linking Phenotypic and Genotypic Profiles
resistant bacteria all over the world. New resistance mechanisms emerge and spread _ _ _ _ _ _ _ _ _ . . .
globally, hindering the ability of healthcare professionals to treat common infectious  Assay deS|gn_was hlndere_d by complex r_eS|stance mechanisms, the e Genotypically and ph.eno.typlcally characterized isolates are required for . Cur_re_nt_ly, the_re are no af:cepted tools to link genotypic and phenotypic
diseases. Because accurate and timely detection of antibiotic resistance (AR) patterns are presence of single nucleotide polymorphisms (SNPs), the presence of development and validation of molecular assays. antibiotic resistance profiles.
crucial for treatment of disease, as well as antimicrobial stewardship, the field is moving multiple variants within gene families, a lack of prevalence data, and a lack « Commercial sources with complete genotypic profiles are limited and costly. « Statistical analyses with an expanded data set are required to predict
toward molecular-based testing. However, the development of novel diagnosiic tests based of a common nomenclature for gene names. « |solates from public sources often lack genotypic profiles, may have phenotypic profiles based on genotypic data.
;)n getneldel’iecftlon races several fr][a”e?ges mCIu?mg iy mul’gphCIty Of'tme(;hamsms ane '?r?ne Table 1. Panel inclusivity of a subset of gene resistance targets used in the ABRx™ Panel Inaccurate information, and require material transfer agreements.
argets, lack of common nomenclature for gene classes, and a scarcity of organisms wi : : . : : Resistance Zone| Zoneof | .. MIC Criteria for o b
well-defined phenotypic and genotypic profiles. This study highlights these challenges with Assays were designed in silico to include clinically relevant enzyme subtypes within each assay type Custom permit approvgls and legal agreements for procurem_en? of isolates Antibiotic | of Jmibition Inhibition ,;g?g;gtgggn Tt Sensiire ,ng:gf;';;fon
emphasis on a subset of problematic gene targets. and across different bacterial strains. Characterized clinical isolates (n=371) were tested for inclusivity. from overseas academic researchers were necessary to obtain isolates for — S;?n')m OZS::d o Zéi;i:L T o
| | | Number of Number of Resistance less prevalent gene types. Erasonom | 18 mm | Tmm | Resistant | o Geidelines | 58 .gimL | o Informaion
Methods: Extensive NCBI ar_]d literature searches were pgrformed t(_) determine relevant Assay RefSeq Included Strains (in silico/in vitro) Strains Genes  Validation of several assays could not be Completed due to the unavailability 'é“;faeznjm ﬂgm gm E::i:::: N:gfj%@ﬂﬁes :186”ugé/TnLL Nji?gfrtj:tfon
gene targets and corresponding gene sequences responsible for resistance to common » f filed strai Ceftazidime | <17 mm omm | Resistant >32 ugiml >16 ug/mL Resistant
A : I : _ _ Used Tested Verified O pro I e S ra|nS Ceftriaxone <19 mm 0 mm Resistant =232 ug/mL >32 ug/mL Resistant
classes of antibiotics. For discrimination of extended-spectrum beta-lactamases (ESBL) and _ - _ . . . . . L . Setoome | 218 mm ety 37 bl Ss7auml | Resietant
non-ESBL TEM variants, 4590 sequences were used to design TagMan assays targeting Acinetobacter baumannii, Aeromonas spp., Citrobacter « Serial passage of bac_terlal strz_:uns can result in plasmid loss; discrepancies ooohme | St mm romm T ermediate T 532 gL oroml T Thermediais
four specific point mutations (E104K, R164S, G238S, E240K). For coverage of relevant freundii, Enterobacter cloacae, Escherichia coli, between vendor-provided profiles and TagMan assay results have to be ABRX] CTXM [ CTXM | CTXM [ CIXM [ g [ pox | Ges | Mpa | kP | NDM | oxat [oxads| per | qura | qurs | ves | wim [Iterma
’ , ) ' . argets rp rp rp rp ontro
CTX-M enzymes, four assays were designed using 839 sequences. Two nomenclature Klebsiella pneumoniae, Laribacter hongkongensis, AL aadAD. aadAS confirmed by an orthogonal method. Mean C 1502 1939
systems to identify aminoglycoside modifying enzymes were used in primer design. ant3 2259 Morganella morganii, Pseudomonas aeruginosa, 28 ’ | ’
Characterized bacterial isolates were collected from commercial (n=266), public (n=336), Salmonella enterica, Serratia marcescens, aadAl16 Table 3. Sources of characterized isolates used in panel development (n=715). Limited genotypic _|Resistance Zone| Zoneof | o oo | MICCriteriafor | i | ganiie
and academic (n=113) sources. Shigella sonne, Staphylococeus aureus information was available for fluoroquinolone and macrolide isolates from IHMA. Fifty-six percent of Antiototic | ORI | Obearvag | Mterpretation | - REEStaNce Results | Interpretation
o ’ o | ’ the isolates from BEI and 43% of the isolates from the CDC lacked genotypic information. Doripenem <19 mm 35 mm Susceptible >4 pgimL <0.5 pg/mL Susceptible
Results: Over eighty assays that detect genes responsible for resistance to eight commonly Vibrio cholerae, Yersinia pestis ; | _ _ =13 mm T B o T T B B e
used classes of antibiotics were developed. Out of 47 strains characterized for TEM ESBL A. baumannii , C. freundii, Citrobacter koseri, E. coli, Vendor # Isolates (Discrepancies) mipenem | stomm | 3imn | Suscepible | _24pgmL | 05| _Suscepibi
mutations, seven publicly-sourced isolates produced discrepant results, which were oMy ioa Klebsiella oxytoca, K. pneumoniae, Proteus mirabilis, o CMY-2, -4, -16, -34, International Health Management Association (IHMA) 216 (4) Ceftazdime %gmm 16 mm | ntermedate igpg;mt =1 ugimL Susceptile
confirmed by phenotypic testing. The CTX-M assays were inclusive of 69 variants that can Providencia rettgeri, S. enterica, S. marcescens, 42 48 -81, -112 rorican Tvne Cultire Calloction (ATGG " Cefepime | stsmm | 12mm | Resistant | 16 pgiml <sugiml | Susceptible
be found across 33 bacterial species, and assay specificity and inclusivity were confirmed V. cholerae merican Type Culture Collection ( ) Azveonam | s17mm__|_12mm [ Resistant | 216 ug/ml Sugml__|_Susceptible
with 63 characterized isolates. For less common AR genes, isolates were not available; XL 2 3 ZeptoMetrix ) | G | G e Grvs | eme | Fox | GES | IMP-1 | KPC | NDM | OXA1 |OXA48| PER | anrA | ams | ves | vim |t
therefore, assays for select aminoglycoside, macrolide, and quinolone resistance genes Acinetobacter spp., Aeromonas spp., Citrobacter o 1 14’ 1’5 ’24’ oboioa e e o
were designed but could not be validated. CTX-M amalonaticus, C. freundii, Enterobacter aerogenes, SR A5, m2R 10 Microbiologics !
| | | o Grou 839 £ cloacae. E. coli K. oxvioca. K. bneumoniae. Kluvvera 63 -27,-32, 38, -39, -40, BE| Resources 23 Figure 3. Linking Phenotypic and Genotypic Multidrug Resistance Profiles: IMP-1 and CTX-M
Conclusions: Several factors that can influence test development were identified in this P ' o y T p_ ’ _y .55, -65, -67, -74, -94 Group 8/25. Blinded samples were tested and results were compared after phenotypic and genotypic
study, illustrating the challenges associated with the molecular detection of AR. The georgiana, P. mirabilis, P. aeruginosa, S. enterica ‘0 -100. 116. -134 Centers for Disease Control and Prevention (CDC) 287 analyses were concluded. (A) The detection of IMP-1 in P. aeruginosa 114003 was concordant with the
complexity of mechanisms involved in AR Is indisputable, and prevalence rates are needed Achromobacter denitrificans, A. baumannii, Aeromonas Antibiotic Resistance Leadership Group (ARLG) 49 (7) genotypic profile PrOVided by t_he vendor. IMP-1 c?onfer.s resistance to pen_icillins, cephalosporins, ar?d
to discern the most important genes of interest. As the field moves toward molecular-based | ) a ’ | TEM-1, -2, -3, -4, -6, carbapenems which was confirmed by phenotypic testing. (B) The detection of CTX-M Group 8/25 in
testing, it would be beneficial for commercial and public sources to have more hydrophila, C. freundii, E. aerogenes, E. cloacae, E. coli, 10 11 12 .20, 21 Academia (7 sources) 113 E. coli 1128733 was concordant with the genotypic profile provided by the vendor. This gene confers
com réhensive accurate genetic characterization of isolates. and a consensus on gene K. oxytoca, K. pneumoniae, Neisseria gonorrhoeae, Lo T Em e resistance to penicillins, cephalosporins, and monobactams. Kirby-Bauer disc diffusion confirmed these
nomgnclature iS,. reauired 9 : 9 TEM 4597 P, mirabilis, P, aeruginosa, S. enterica, S. marcescens a7 -24, -26, -28, -33, results; however, the Sensititre™ method did not indicate resistance to cefepime or aztreonam.
d ' Shi:qella fexneri S onnei. \/ ’Cholerae | -43, -52, 63, -71, e 1 2 3 4 5 Figure 1. Confirmation of NDM plasmid loss
Note: Abstract modified to reflect updated number of isolates. b ’ h I’t' ' ’ -89, -129, -211 i in K. pneumoniae. NDM-1 was not confirmed CO n C I u S I O n S
ibrio parahaemolyticus 500 with the ABRx™ TagMan assay. The vendor
y erformed confirmatory testing using capillar
- aple 2. Discrimination o variants: extended spectrum p-lactamases VS NoN- . '
I t d t Table 2. Discrimination of TEM vari ded spec B-I (ESBL) ESBL.° — e fr— gel electrophoresis (Q?:A\xcel A?dvanged gysteym, . . . . .
Nroauction Point mutations at selected loci within the TEM gene give rise to the extended-spectrum phenotype. sa0 QIAGEN) with original DNA and re-extracted . Molecu.lar.t.estlng can _offe.r a rapid and sensitive approaph while removing
ESBSL&Fg?dUﬁ'?g OTV gi‘ﬂmsms htaV_e been aZSOC'ated with poor clinical outcomes, so assay discrimination at = DNA from the isolate. The blaypy, gene was the variability and subjectivity found in current phenotypic test methods, thus
The increasing threat of antibiotic resistance is a worldwide public health S e dheteCted In the dogﬂl'gez'LDNAS()Lage 1) but oo having a significant impact on patient care.

. . . . . p- AICTEE Phenotype : mflaclls algozllIOZB 30(34|35|38|39|40|41|42|43|44|49|51|64|68|69|80| 84|92 |99 |100|{102|104|105|114|115(120|124|127|130|136|137|138| 145| 146|153| 15| 156|157| 158| 163| 164|165 the re-extracte ane . LOPYy number ° " I 11 I I
concern. Empirical treatment has led to the evolution of multidrug resistant gL e el Pl latats o fafaluly Fote b fuluelo fufufe P riata s b Tafuls foots b fwlotala oty _— reduction and loss of blay,, has been shown to Severa_ll factor.s that can influence test _develop_ment were |dent|f|e_d In this
organisms and dissemination of plasmid-borne antibiotic resistance genes T — : K E 2 occur in the absence of strong carbapenem study, illustrating the challenges associated with molecular detection of
across different bacterial species. Identifying these genes in a timely manner T o K ; & 100 Zi'teeitt'lgf Vi‘irt‘ﬁ trr‘:‘:Yraexlf’/l'Z'n”;z;aCk of blayon antibiotic resistance.
can advance antibiotic stewardship programs, prevent possible outbreaks, s s F E < ; 0 ——— - 4 * Complex resistance mechanisms, SNPs, and presence of multiple variants
decrease patients’ lengths of stay, and reduce healthcare costs. Molecular Touls Bl ncsTes K : within gene families must be considered for assay design.
testing can offer a rapid and sensitive approach compared to phenotypic testing T — K : _ * Simultaneous use of multiple gene nomenclature systems causes confusion
and can have a significant impact on patient care. This study outlines several o e ‘ E : Antibiotic Generation of MIC Ir‘ft'é:’grftg‘t‘iirn and may require genes to be renamed.
challenges encountered while developing a molecular test to detect genes e o Cephalosporin (Hg/mL) T « There is an urgent need for a central and easily accessible database with an
associated with resistance to eight commonly prescribed classes of antibiotics. e 2:;: : E : Cefazolin st NA 11 (R) established nomenclature system, and it must be widely adopted.

teuss e = F : : Cefotetan 2nd NA 25 (S) « As the field moves toward molecular-based testing, commercial and public
' feus = : Cefoxitin 2nd NA 20 (S) sources need more comprehensive and accurate genetic characterization of
Materials & Methods e — : Cefuroxime 2nd NA 20 (5) it
TEM:31 IRT:1; TRI:1; E:SAL Zb: Cefepime 3rd 4 (SDD) 31 (S) : . . .
Tewss Jrrs o : Cofotaxime 3rd 64 (R) 31 (S) * Prevalence rates are needed to discern the most important genes of interest.
Extensive NCBI and literature searches were performed to determine o L Ceftazidime 3rd >256 (R) 21 (S) « Education is required to prove that molecular detection is meaningful and can
clinically relevant gene targets and corresponding gene segquences. be translated into appropriate therapeutic regimens.
y d Jels @ P 99 < Table 3. Lack of consensus of gene nomenclature for a subset of aminoglycoside TEM sequence PProp P J
Several databases and publications were used to reconcile gene O-nucleotidyltransferases (ANTS).4 [ Query: 181 GAAGGAGCTAACCGCITTTTIGCACAACATGGGGGATCATGTARCTCGCCTIGATRGTTG 240
: : ' RN RN R R R R R RN R RN RN RN R RRRRRENRRN
nomenCIature durlng assay deSIQn' ANTs Gene Names Genetic Location Host Sbjct: 429 GAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACNCGCCTTGATCGTTG 488 References
TaqMan® assa'ys were deSIQned based on Sequences Obtalned from the ant(6)-la, ant6, aadE Plasmid, chromosome E. faecium, S. aureus, Staphylococcus epidermidis, Streptococcus suis Cmmtez[;?:%l sass 2000 2050 100 50 2200 2250 2300 2350 2400 2450 2500 2550 2500 . Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial SUSCEptibi"ty
basic local alignment search tool (BLAST) using an algorithm evaluating c oo A T T e Testing; 25th Informational Supplement (M100-525). Approved guideline 2015,
- : " : S - - - e Huang, et al. (2013) Copy Number Change of the NDM-1 Sequence in a Multidrug-Resistant
meltl.n.g .temperature., nucleotide composmon of primer-pair combinations, and ANT(®)-la aadE Chromosome Streptococeus mitis ] | | | | | | | | | | | | | Klebsiella pneumoniae Clinical Isolate. PLoS ONE 8(4): €62774.
specificity of genomic sequences with closely related gene subtypes. aadE Plasmid Campylobacter jejuni pi . Lahey Clinic. B-Lactamase Classification and Amino Acid Sequences for TEM, SHV and OXA
Over eighty assays that detect genes responsible for resistance to eight 2ad(® Plasmid E. faccalis, Streptococcus orali s ‘h“‘ ‘ A “ ) ““ ‘ ) ‘“ “ “‘ h ‘ u A ‘““‘ ‘h “““ “““““ “ Extended-Spectrum and Inhibitor Resistant Enzymes. Retrieved from
commonly used classes of antibiotics were developed. ANT(2)-1a ant(2")-1a, aadB Plasmid, integron A baumanni, C. freundii € coll, K preurmonias, M. morgani EAREAANS AVAABERARANARARAASNEERNANAVEATAESP RS UAR R RN NERSNANSTYON ! gt;pr;:ém?h%ﬁ;%ﬁ;dﬁg Aminoglycoside modifying enzymes. Drug Resistance Updates. 13
CharaCtenzed baCtenaI |SO|ateS were COIIeCted from COmmerCIa| (n:266), ant(3")-la, aadA, aadAl, aad(3")(9)| Plasmid, integron, transposon A. baumannii, Enterobacteriaceae, P. aeruginosa, V. cholerae Flgure 2. Dlsc_rep_anC|eS ol genOt_ypIC proflle prOVIded by vendor vs m-house_ teStlng' ) | (2010) 1’51_.1.7’1_ ’ o | |
public (n:336) and academic (n:113) sources to verify assay inclusivity Y N Aeromonas spp.. C. freundii. Corynebadterium glutamicum. A K. pneumoniae isolate characterized for CTX-M Group 2 q_nd TEM-12 was obtained from a publically
: _ Y- , integron K. pneumoniae, Salmonella spp. funded source. CTX-M Group 2 and TEM-12 were not amplified by ABRx™ TagMan assays, and the Acknowledaements
DNA from samples was extracted using the QlAamp UCP Pathogen Mini Kit " aadA3 Plasmid, integron, transposon E. col published ESBL phenotype could not be confirmed by (A) disc diffusion. (B) Sanger sequencing g
on the QlAvac 24 Plus (Ql AGEN. Hilden. Germany). ANT(3")-la . e, chromosoms Bordetella parapertussis, E. col analysis on a 3':'(>OO|T(L §3erclletic Analk)]/zerh(Therlmo FisheL Scienti(l;ic) confirn|1ed tk;el non-Er?BIa(wiI? té/pe) \I\//IVeI r\]/vc:uIdKIike to (B(prssts_thalr\llks ;o Dr. Kgreré Bush, D; [()javid Hoop:r[,) Dt Gunntallzr) Kahllr]cneti_r,cﬁr. Surl:_)cril_i
KT - ) - _ _ _ _ TEM genotype (yellow) indicating that this isolate may have undergone plasmid loss. The identifie alnotra-Kumar, Dr. Patrice Nordmann, Dr. Susanne Pederson, and Dr. Laurent Poirel Tor Kindly providing
Real t|me PCR was perfo.rmed US|ng 96 We” Or. OpenAl_’I‘ay_@ p|ateS on the aadA5 Plasmid, integron, transposon E. cloacae, E. coli, K. pneumoniae, K. georgiana, P. aeruginosa discrepancies were communicated, and no additional follow-up/feedback Was provided by the vendor. isolates. We would like to thank Pius Brzoska and Nicole Eantin (Thermo Eisher Scientific) for technical
QuantStudio™ 12K Flex instrument (Thermo Fisher Scientific, Waltham, MA). aadA6 Integron P. aeruginosa R, resistant; S, susceptible support and thank IHMA (Schaumburg, IL) for performing confirmatory testing of bacterial isolates.
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