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Antibiotic Susceptibility Testing
184 strains were examined for phenotypic resistance profiles to clinically relevant antibiotics. Isolates were grown in optimal media then plated to generate a
lawn of growth. Antibiotic diffusion disks were selected for each isolate based on clinical relevance and placed on the plate prior to incubation. Zones of
inhibition (ZOI) were measured, and resistant, intermediate, and sensitive profiles were interpreted based on established CLSI breakpoint guidelines found in
CLSI EPQ7-A27. Figure 2 is an example of an AST result, performed on E. coli AR-0081 and demonstrates ceftazidime resistance corresponding to blag,y

marker.
Species Tested Antibiotics

Sequencing and AST analysis of bacterial isolate indicates that the presence
of genetic resistance markers can provide insight of the resistance profile of
bacterial isolates. Through examination of AST results on an individual
marker level, and a gene class level, clear trends in antibiotic resistance are
present. Correlations between the molecular marker and antibiotics with

Introduction Antibiotic resistance profiles can be provided based on gene class

Antibiotic resistance genes can be grouped into classes (Table 2 and 3) based on the resistances
conferred and protein structure. The identification of a class of antibiotic resistance genes can provide
insight on the resistance profile, due to similar function and action on bacterial cells. The resistance
profile of the different gene classes were examined by comparing the presence of all occurrences of

Abstract

Antibiotic resistant infections pose a risk for increased patient mortality due to long time-to-
results for current diagnostic methods. Results from a ~1,500 patient trial demonstrated bacterial
blood culture required 51 hours on average for a positive result'. Additionally current antibiotic
susceptibility testing (AST) requires two additional days for phenotypic results. Studies show

Figure 2: AST plate of E. coli AR-0081 , - - TICPNT - :
delays in effective treatment increases mortality rates in septic patients by 7.6% every hour® | Citrobacter freundi, Ampicillin (Amp), Ampicillin-sulbactam (Sam), Piperacillin- the group of genes to the occurrence of the genes alone in a bacterial isolate (Table 4). For the ! Phenotypic antibiotic resistance were made through these comparisons
The CDC classifies carbapenem-resistant Enterobacterales (13,000 annual deaths) as urgent Escherichia coli, tazobactam (Tzp), Aztreonam (Atm), Cefazolin (Cz) f calculati lati bet th f ist k d oh ; trai (Table 6)
threats, and vancomycin-resistant Enterococci and methicillin-resistant S. aureus (~15,000 Enterobacter cloacae, C’efuroxime (Cxm) ’ ’ purpose Ol CaiCula mg Cere a IOn. etween € prgsence Ol a résistance mar _er a_n p €eno ype’_ Sirains
annual deaths combined) as serious threats®. Identifying resistance markers direct from patient IE Klebsiella aerogenes, Cefotaxime (Ctx) Ceftazidir,ne (Caz) that demonstrated an “intermediate” phenotype in AST based on CLSI guidelines were defined as * 100% vancomycin resistance in Gram-positive species tested
e eyt i decen, e it e s e o sfctve ey : e S esistant due to the clinical significance of an ntermediate reading:
clinically-relevant resistance genes and screened for antibiotic resistance phenotypes. Results Kﬁgzzlllfezgiggggzie’ Imipenem (lpm), Meropenem (Mem) Table 2. Gene classes for identified genetic markers Table 3: Antibiotic classes of clinically-relevant tested antibiotics 100% cefazolin and cefuroxime resistance in all Gram-negative species tested
identified correlations between resistance markers and phenotypic resistance and potential aid . . Gene Class Genetic Marker(s Antibiotic Class Antibiotic(s) . . .
for clinical treatment. High resistance to vancomycin and piperacillin-tazobactam, first-line Pseydomonas aeruglnos.a.?, Meropelj]e.m, Cefota)l(lme, (S) Penicillin Ampicillin MOIQCUIar marker teStlng IS mMore CO“S'Stent than

L - " - - Acinetobacter baumannii Ceftazidime, Cefepime Metallo- B-lactamases (MBLs) bla,s bla,,, bla P
antibiotics, were seen in 31 Gram-positive and 98 Gram-negative strains. Presence of Gram- : el ’ ; IMP — —ViM., — —NDM Penicillin-B-lactamase Inhibitor Ampicillin-sulbactam, tibioti tibilitv testi
positive markers vanA or vanB correlated to 100% (31/31) vancomycin resistance and 86% p Enterococcus faecium Ampicillin, Vancomycin (Van) Extended-Spect Jlact ESBLs)| b/ bl (PBLI) Piperacillin-tazobactam anupIotiC susceplnliity testing
e ) _ _ £ StanhVIococcUs aureus xtended-Spectrum B-lactamases ( s)| Dlacrx-140 PlAcTxM-15 P
(25/29) ampicillin resistance. In 125 sequenced Gram-negative strains, 57 harbored metallo-B- © aphny. ; Cefoxitin (Fox), Vancomyci Monobact Azt _ _ _ _
- 5 dermidi : ycin onobactam Zreonam « 27% (12/44 strains) of strains tested multiple times
lactamase (blayp, blaypy, blayy), 58 contained extended spectrum B-lactamase (blacry.y.1a, = Staphylococcus epidermidis AmpC B-lactamases (AmpC) blacyy: blap, Cefazolin, Cefuroxime, Cefotaxime ° P

Cephalosporin had variation in phenotypic profile
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blacty..15), 36 contained AmpC B-lactamase (blapy blacyy), and 47 contained carbapenemase | I Ceftazidime. Cefepime | .
(blagpc, blagys.sg)- These markers correlated to 299% resistance to ampicillin, cefazolin, and | Re su Its | C?rlioa-penerr.lases (CR) blaype, blaoy Carbapenem Ertapenem Z|Im|iper;em I\ﬁleropenem | Total strains tested 184
cefuroxime in all strains. Together, these data suggest that molecular diagnostics that identify | | Methicillin Resistance (Mec) mecA, mecC Cephamycin " Cefoxitin 1 * 70% (16/23) of discrepancies were minor errors: the
genetic markers may provide clinicians with needed information during a window when | - . - 0 r I Glycopeptide Resistance (Van) vanA, vanB Gl tid V. - | resence of an intermediate zone which can indicate Total strains tested
therapeutic intervention can improve patient outcomes. | CharaCterlzatlon Of Stral ns Inc' Uded In StUdy I Toble 4. P _ i 4 o e | fycocp;ep e e ieolat ancomytin I gither resistance or susceptibility definition (Table 6) multiple times A4
Importance of Early Targeted Therapy | 184 strains across 12 species were tested for phenotypic antibiotic resistance profile and were sequenced to identify 1 Table 4: Percent resistance of tested antibiotic classes based on gene class for Gram-negative isolates !
Current standard of care for a patient suspected of sepsis is blood culture and subsequent | the presence of 13 Clinically significant genetic markers : Penicillin PBLI Monobactam Cephalosporin Carbapenems : « 30% (7/23) of discrepancies were major errors: Total number of
antimicrobial susceptibility testing, which can take 2-5 days. During this time no clinical data is | ' : : : strains with AST 12
available to direct targeted patient treatment, therefore, patients receive empiric therapy. A 1 Figure 3: Total number of bacterial isolates by species marker and total of each genetic marker. (A) Total number of bacterial isolates, value indicates | Allmarkers total percent 80% 85 81% 68% 10% | glﬁ;_er_e.nces_rbz’:w?en a resistant and susceptible discrepancies
meta-analysis of 70 studies found that empiric antibiotic therapy was inappropriate in 46.5% of | number of strains tested per species. (B) Total number of genetic markers, value indicates number of each marker identified | Amp Sam Tzp Atm Cz Fep Etp lpm Mem | efinition (Table 7)
patients with blood stream infections*. It has also been demonstrated that for every hour of delay | I . . ) [ Total number of AST
in appropriate therapy there is a 7.6% decrease in survival for septic shock patients2. A study of | _ o I MBL with multiple markers 14% | ° Variability in resistance definitions may be result of . ! 23
patients with blood stream infections caused by carbapenem resistant Enterobacteriaceae | A S. epidermidis, 6 B I Single MBL 31% I varied daily growth conditions, or operator discrepancies
(CRE) demonstrated that the median time to appropriate therapy was 47 hours and that 49% of I S. aureus, 24 vanB, 11 blaCMY 18 I : ) I interoretation of ZOI ’
infected individuals died within 30 days®. Additionally, blood stream infections treated | vanA. 20 ’ a ’ blaCTX-M-14. 14 : ESBL with multiple markers 88% : p ' TPar ] o TR 16
appropriately within the first 24 hours had significant reduction in hospital length of stay, mortality ’ ’ Single ESBL 60% 10% 10% 10% _ _
and costé. The ability to determine antibiotic resistance using genetic markers could help to get | _ I I .« Resistant markers are consistent, regardless of
patients on the appropriate therapy faster then the current standard. : K. pneumoniae, 79 : AmpC with multiple markers 69% 69% 44% 39% : AST, indicating that there is less variability in the Total major errors -
 E- faecium, 29 | Single AmpC 75% 75% 0% 0% | use of a genetic marker for clinical antibiotic
mecA/mecC, 30 - : ; iSi i
M et h Od S l b IaCTLM 15, | CR with multiple markers 87% 89% 87% | decisions
BaC.teriaI Isolateg - _ : : Single CR 88% 89% 84% : Table 7: Minor Error: Resistance profile of K. pneumoniae AR-0076 varied between
Strains were obtained from the CDC & FDA Antibiotic Resistance (AR) Isolate Bank, | A. baumannii, 1 : : intermediate and resistance or intermediate and susceptible
the American Tissue Culture Collection (ATCC), BEI Resources, National Collection o Resistance
of Type Cultures (NCTC), and JMI Laboratories. Bacterial strains were cultured with : blaVviM, 22 : MOIQCUIar marker Of reS|Stance Correlates tO : Species Markers [StrainID| Amp | Sam | Atm Cz Cxm | Ctx Caz | Fep Etp lpm | Mem | Tzp
fan g : . . . . Identified
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o E. coli, 15 blaOXA, 22 N : T tested in Gram-positive species _ _ _ _
blap,, blacyy blaypy, blays blay,, mecA, mecC, vanA, and vanB. 16S and rpoB | K. aerogenes, 2 ’ P I antibiotics was examined based on the presence of individual — | Table 8: Major Error: Resistance profiles of E. faecium
were used to confirm species. PCR products (Figure 1) were sent for Sanger | E. cloacae, 7 M. morganii, 1 v I genes. Percent resistance was calculated for all strains with the mm I AR-0809 varied between resistant and susceptible
sequencing at Genewiz (Cambridge, MA). Resulting sequences were aligned to the | blaNDM, 21 blaKPC, 25 I . K g g h : — I Resistance ——
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40 or that had majority sequence alignment were considered to have that marker. 1 Majority of resistant bacterial isolates have multiple genetic resistance markers 1 (assification was categorized as resistant due to the clinical (RS Fox (100%) ' b N e e o e
Strains with amplicons that did not align with any marker sequences or had off target | : o : : : : : | — : : o — | }
chromosomal amplification were not considered to have that marker present. Figure 1 99 Of 184 strains sequenced (32%) were found to contain multiple genetic markers that influence the phenotypic | significance of an intermediate AST read. Values above 75% Gra;n:acci»:-:we O |
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: g paired twice. The screened Gram-negative species had a higher prevalence of multiple | p yp p g ,
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